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I 

ANNOTATION 

Sports  cardiology i s  one of t he  most important sec t ions  of s p o r t s  
physiology and s p o r t s  medicine. The present  s e r i e s  of  essays covers a l l  o f  
t h e  p r inc ipa l  t rends  i n  spo r t s  cardiology. 
t he  problems of  t h e  physiology of t h e  cardiovascular  system, methodological 
problems and c e r t a i n  p r inc ipa l  forms o f  devia t ions  i n  the  a c t i v i t y  of  t he  
cardiovascular  system o f  a t h l e t e s .  

This book presents  analyses of  

The physiological  por t ion  of t h e  book p resen t s  information on t h e  
s p e c i f i c s  of t he  funct ioning of the  c i r cu la to ry  apparatus i n  t r a i n e d  a t h l e t e s  
a t  r e s t .  
r e g u l a r i t i e s  of t h e  adaptat ion of t h e  hea r t  t o  muscular a c t i v i t y .  
o r ig ina l  da t a  a r e  presented on the  inf luence  of  t h e  s ta te  of  t r a i n i n g  on t h e  
funct ion of  t he  cardiovascular  system. In  t h i s  essay, c e r t a i n  general  
problems of  t h e  diagnosis  of t h e  s t a t e  of t r a i n i n g  a r e  a l so  discussed. 

A spec ia l  essay i s  dedicated t o  ana lys i s  of  general  physiological  
F ina l ly ,  

In  the  methodological por t ion  of t h e  book, da t a  a r e  presented on a 
broad range of  card io logica l  methods and methodological approaches which can 
be used i n  spo r t s  medicine. The essays a r e  divided i n t o  chapters  i n  which 
the  methods a r e  combined according t o  physical  and physiological  p r inc ip l e s .  
A spec ia l  chapter  analyzes such p r inc ipa l  parameters of cardiodynamics and 
hemodynamics, such as card iac  output and the  phases of t h e  card iac  cyc le .  

This por t ion  of  t h e  book discusses  t h e  spo r t s  medical aspec ts  o f  
electrocardiography, vec tor  cardiography, phonocardiography, b a l l i s t o -  
cardiography, dynamocardiography and sphygmography i n  d e t a i l .  Problems o f  
t h e  u t i l i z a t i o n  of  X-ray methods i n  spo r t s ,  problems of radiotelemetry and 
modern methods of ana lys i s  of card io logica l  information a r e  discussed.  

In  the  f i n a l ,  c l i n i c a l  por t ion  of t he  book, essays a r e  presented 
dedicated t o  t h e  p r inc ipa l  forms of deviat ions i n  t h e  s t a t e  of t he  cardio- 
vascular  system of a t h l e t e s .  Changes i n  a r t e r i a l  p ressure ,  t h e  p r inc ipa l  
forms of d i s rupt ions  of t he  card iac  rhythm, as well  a s  acute  and chronic 
hea r t  s t r a i n  a r e  analyzed i n  d e t a i l .  A spec ia l  chapter  i s  dedicated t o  
c e r t a i n  t h e o r e t i c a l  problems of t h e  pathology of  c i r cu la t ion  i n  spo r t s .  

The last  por t ion  of t h e  book presents  o r i g i n a l  da ta ,  based on broad 
experience,  on the  d i f f e r e n t i a l  diagnosis  of  s y s t o l i c  murmurs i n  a t h l e t e s .  
In conclusion, c e r t a i n  organiza t iona l  problems of s p o r t s  cardiology a r e  
analyzed. 

The book The Heart and Sports is  designed f o r  a broad range of doctors ,  
both those working i n  s p o r t s  medicine and phys io logis t s ,  t h e r a p e u t i s t s ,  
surgeons and o the r  doctors  i n t e r e s t e d  i n  problems of cardiology. 
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FOREWORD 

In  recent  years ,  due t o  the  success of  spo r t s  physiology and spor t s  
medicine, t he  o u t l i n e s  of a new s c i e n t i f i c  and p r a c t i c a l  t rend  -- spor t s  
cardiology -- are being drawn. Sports  cardiology, a component p a r t  o f  
general  cardiology, s t u d i e s  an independent range of  problems r e l a t e d  both 
with t h e  physiology of t h e  a c t i v e  s t a t e  of  t h e  organism, and with c e r t a i n  

and spor t s .  
var ious physiological  and pa thologica l  changes i n  t h e  a c t i v i t y  of t he  
cardiovascular  system of a t h l e t e s .  In  t h i s  respec t ,  s p o r t s  cardiology 
f a c i l i t a t e s  deeper development of our knowledge i n  the  a rea  of  t he  physi- 
ology of  hea l thy  humans. 

. c l i n i c a l  problems of  medical t e s t i n g  of  those who engage i n  physical  c u l t u r e  
This p laces  a d e f i n i t e  impression on t h e  treatment of  

The book'herewith presented t o  t h e  reader  i s  unique i n  a c e r t a i n  
sense -- t h e  world l i t e r a t u r e  has never before  seen such fundamental work 
on spo r t s  cardiology. 
monograph of Reindell  e t  al.,Herz, KreisZaufkrankheiten und Sport  [The Heart ,  
Ci rcu la tory  Diseases and Sports]  (1960); i n  which only c e r t a i n  p a r t i c u l a r  
problems of  s p o r t s  cardiology were analyzed. 

To be p e r f e c t l y  co r rec t ,  we should i n d i c a t e  t h e  

This book i s  not  a guide f o r  spo r t s  cardiology. I t  i s  more properly a 
presenta t ion  of t h e  most recent,  achievements i n  t h i s  new and i n t e r e s t i n g  a r e a  
of  medical sc ience ,  wr i t t en  by a l a rge  group of leading s p e c i a l i s t s .  

In s p i t e  of t h e  f a c t  t h a t  t h e  book i s  a serie.s of essays,  as  it i s  read 
it leaves t h e  impression of a spec ia l  monograph. 
successful  separa t ion  of t h e  essays i n t o  t h r e e  independent s ec t ions ,  with 
d e f i n i t e  i n t e r n a l  connection between t h e  ind iv idua l  essays.  

This has been achieved by 

In the  physiological  por t ion  of t h e  book, r a t h e r  exhaustive information 
is presented on t h e  s p e c i f i c s  of card iac  a c t i v i t y  of sportsmen, t h e  mechan- 
i s m s  of  adaptat ion of  t h e  hea r t  t o  muscular s t r e s s  and o the r  appl ied 
problems. 

The methodological por t ion  of  t he  book contains  information on a broad 
range of card io logica l  methods and methodological approaches used i n  spo r t s  
medicine. 

And, f i n a l l y ,  c l i n i c a l  problems of s p o r t s  cardiology a r e  discussed i n  
t h e  las t ,  t h i r d  po r t ion  of t h e  book. A number of quest ions concerning t h e  
problem of pathology i n  spo r t s  which a r e  important f o r  medical t e s t i n g  are 
r a i sed  here .  

The book The Heart mrd Sports w i l l  doubt less  a i d  i n  the  c l i n i c a l  physi-  
o logica l  t r a i n i n g  of  a l a r g e  number of  spo r t s  doc tors .  
s t imula te  new inves t iga t ions  on spor t s  cardiology. A l l  of t h i s  is  pa r t i cu -  
l a r l y  important i n  r e l a t ionsh ip  t o  t h e  statement of t h e  Central  Committee of 

I t  w i l l  a l s o  

I 
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t h e  CPSU and t h e  Soviet  Government "On Measures f o r  Further Development of 
Physical Culture and Sports" (August, 1966). I am s u r e  t h a t  t h i s  book w i l l  
be read with i n t e r e s t  by phys io logis t s  and c l i n i c i s t s ,  who have not s tudied 
s p o r t s  medicine. 

The appearance of t h i s  publ ica t ion  has r e su l t ed  t o  a considerable extent  
from t h e  i n i t i a t i v e  of G. M. Kukolevskiy, who organized t h e  team of authors.  

Academician V. V. Parin 

vi 



TABLE OF CONTENTS 

PAGE . 
FOREWORD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  v 

PART 1 . PHYSIOLOGICAL CHARACTERISTICS OF THE CARDIAC 
ACTIVITY OF ATHLETES . . . . . . . . . . . . . . . . . .  1 

CHAPTER 1 . THAT CARDIAC ACTIVITY OF ATHLETES I N  THE QUIET STATE . . . . .  2 

P r i n c i p a l  P r o p e r t i e s  o f  t h e  Cardiac Muscle . . . . . . . . . . . . . . . .  3 
Dimensions o f  t h e  Spor ts  Hear t  . . . . . . . . . . . . . . . . . . . . . . . .  8 
Cardiac Output and Hemodynamics . . . . . . . . . . . . . . . . . . . . .  1 1  
I n t r a c a r d i a c  and A r t e r i a l  Pressure . . . . . . . . . . . . . . . . . . . .  17 
Dynamics o f  Cardiac C o n t r a c t i o n  . . . . . . . . . . . . . . . . . . . . .  20 

C a r d i a c A c t i v i t y  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26 
Blood Supply o f  t h e  Heart  . . . . . . . . . . . . . . . . . . . . . . . .  29 

R e l a t i o n s h i p  of  E l e c t r i c a l  and Mechanical M a n i f e s t a t i o n s  o f  

C e r t a i n  S p e c i f i c s  i n  t h e  Regu la t ion  o f  Cardiac A c t i v i t y  i n  A t h l e t e s  .... 31 

CHAPTER I I  . CARDIAC ACTIVITY DURING CONDITIONS OF MUSCULAR WORK . . . . .  35 

C e r t a i n  General R e g u l a r i t i e s  i n  t h e  R e s t r u c t u r i n g  o f  Cardiodynamics 
Dur ing Phys ica l  St ress . . . . . . . . . . . . . . . . . . . . . . . . .  36 

Cardiac Rhytkym . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40 
Blood Pressure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  43 
Biood Volume per  Beat. per  Minute.  and Residual Volume . . . . . . . . . .  45 
Phases o f  t h e  Cardiac Cycle . . . . . . . . . . . . . . . . . . . . . . .  49 
Electromechanical  R e l a t i o n s h i p s  . . . . . . . . . . . . . . . . . . . . .  52 
R e s t i t u t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  55 
Regu la t ion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  56 

CHAPTER I l l  . BLOOD CIRCULATION AND THE STATE OF TRAINING . . . . . . . .  58 

PART I1 . METHODS OF INVESTIGATING THE CARDIOVASCULAR 
SYSTEMS OF ATHLETES . . . . . . . . . . . . . . . . . .  73 

HEMODYNAMICS . . . . . . . . . . . . . . . . . . . . . . . .  74 
Methods o f  I n v e s t i g a t i o n  of  Cardiac Output . . . . . . . . . . . . . . . .  74 
Phase A n a l y s i s  o f  t h e  Cardiac c o n t r a c t i o n  i n  A t h l e t e s  . . . . . . . . . .  
CHAPTER V . ELECTRICAL MANIFESTATIONS OF CARDIAC ACTIVITY . . . . . . . .  106 

E 1 ec t r o c a  r d  i'og raphy 
Vector  Cardiography . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CHAPTER I V  . INVESTIGATION OF CERTAIN PARAMETERS OF CARDIO-  AND 

88 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  



CHAPTER V I  . MECHANICAL MANIFESTATIONS OF CARDIAC ACTIVITY AND 
THE FUNCTIONAL STATE OF THE VESSELS . . . . . . . . . . . . .  

Phonocardiography . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dynamocardiography . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B a l l i s t o c a r d i o g r a p h y  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Kinetocard iography . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Rheocardiography . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Tachoosci l lography . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sphygmography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CHAPTER V I 1  . X-RAY METHODS OF INVESTIGATION OF THE CARDIAC ACTIVITY 

OF THE ATHLETES . . . . . . . . . . . . . . . . . . . . . . .  
Roentgenkymography o f  t h e  Heart  . . . . . . . . . . . . . . . . . . . . .  
Electrokymography . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Teleroentgenography . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CHAPTER V I I I  . FUNCTIONAL TESTS OF THE CARDIOVASCULAR SYSTEM . . . . . . .  
Tests  w i t h  Phys ica l  Loads . . . . . . . . . . . . . . . . . . . . . . . .  
O r t h o s t a t i c T e s t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Tests  w i t h  t h e  Breath Held . . . . . . . . . . . . . . . . . . . . . . . .  
CHAPTER I X  . SOME METHODS OF TRANSMISSION AND ANALYSIS OF CARDIOLOGICAL 

INFORMATION I N  SPORTS . . . . . . . . . . . . . . . . . . . .  
Radiote lemetry  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

i n  Cardiodynamics . . . . . . . . . . . . . . . . . . . . . . . . . . . .  System fo r  Automat ic C o n s t r u c t i o n  o f  Curves o f  T r a n s i e n t  Processes 

A u t o c o r r e l a t i o n  Ana lys is  i n  Spor ts  Medic ine . . . . . . . . . . . . . . .  
PART I l l  . DISRUPTIONS I N  THE ACTIVITY OF THE CARDIOVASCULAR 

SYSTEMS OF ATHLETES . . . . . . . . . . . . . . . . . .  
CHAPTER X . SOME CLINICAL PROBLEMS OF SPORTS M E D I C I N E  . . . . . . . . . .  
CHAPTER X I  . CHANGES I N  THE ARTERIAL PRESSURE OF ATHLETES . . . . . . . .  
Increased A r t e r i a l  Pressure i n  A t h l e t e s  . . . . . . . . . . . . . . . . .  
Low A r t e r i a l  Pressure i n  A t h l e t e s  . . . . . . . . . . . . . . . . . . . .  
CHAPTER X I 1  . DlSRUTlONS OF THE CARDIAC RHYTHM I N  ATHLETES . . . . . . . .  
CHAPTER X I 1 1  . CARDIAC OVERSTRESS I N  ATHLETES . . . . . . . . . . . . . .  
Acute Cardiac Overst ress . . . . . . . . . . . . . . . . . . . . . . . . .  
Chronic Cardiac Overst ress . . . . . . . . . . . . . . . . . . . . . . . .  
CHAPTER X I V  . SYSTOLIC NOISES I N  ATHLETES . . . . . . . . . . . . . . . .  
Funct iona l  Tests  i n  t h e  D i f f e r e n t i a t i o n  o f  S y s t o l i c  Noises . . . . . . . .  Phonocardiography i n  t h e  D i f f e r e n t i a l  Diagnosis o f  S y s t o l i c  Noises . . . .  

150 

150 
165 
181 
192 
201 
211 
218 

239 

239 
259 
278 

315 
316 

334 
344 

350 

351 

363 
365 
375 

385 

403 

404 
411 

439 
443 
454 

viii 



I 

CHAPTER XV.  O R G A N I Z A T I O N  OF CARDIOLOGICAL S E R V I C E  I N  SPORTS M E D I C I N E .  . . 460 

REFERENCES . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . 465 

ix 



I 

PART I 

P H Y S I O L O G I C A L  C H A R A C T E R I S T I C S  OF THE CARDIAC A C T I V I T Y  OF ATHLETES 

The card iac  a c t i v i t y  o f  a t h l e t e s  i s  d i f f e r e n t i a t e d  by a number of 
c h a r a c t e r i s t i c  f e a t u r e s  from t h e  work of  t he  h e a r t  of  p r a c t i c a l l y  hea l thy  
people who a r e  not engaged i n  spo r t s .  
process of long-term adaptat ion o f  t h e  c i r c u l a t o r y  apparatus t o  systematic 
muscular s t r e s s .  

These d i f fe rences  a r i s e  i n  t h e  

The s p e c i f i c  f e a t u r e s  of  card iac  a c t i v i t y  have been noted i n  a t h l e t e s  
both i n  t h e  qu ie t  s t a t e  and under condi t ions of muscular work. In  the  l a t t e r  
case,  t he  hea r t  of t h e  sportsman works more product ively and, which i s  
p a r t i c u l a r l y  important, more e f f i c i e n t l y  than t h e  h e a r t  of untrained people.  

There is  p a r t i c u l a r  i n t e r e s t  i n  ana lys i s  of t h e  course of adaptat ion of  
t h e  hea r t  i n  t he  process of  spo r t s  t r a in ing .  

The e n t i r e  range of problems which we have out l ined  presents  a compar- 
' a t i v e l y  complete physiological  charac te r iza t ion  of  t he  muscular a c t i v i t y  o f  
t r a ined  a t h l e t e s .  I t  i s  these  problems which a r e  discussed i n  t h i s ,  t h e  
f i r s t  por t ion  of  t h i s  essay book. During the  process of presenta t ion ,  da t a  
a r e  presented not only on t h e  cardiodynamics, but  a l s o  on t h e  blood 
c i r c u l a t i o n  i n  the,organism and c e r t a i n  o the r  noncardiac parameters. I t  i s  
assumed t h a t  t he  reader  i s  familiar with t h e  normal physiology of blood 
c i r cu la t ion .  

- - - - -  = _  _ _ . _ = _ i i i i . .  ~ . - - - -. - - . - - . . . . ... . -~ . . ~ . * Numbers i n  t h e  margin i n d i c a t e  paginat ion i n t h e  -foreign t e x t .  
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CHAPTER I 

THE CARDIAC ACTIVITY OF ATHLETES IN THE QUIET STATE 

ABSTRACT. The range o f  f l u c t u a t i o n  o f  ca rd iac  i n d i c a t o r s  i n  
hea l thy  persons i s  q u i t e  broad. Th is  a r t i c l e  presents general  
data on the  "spor ts  hear t "  a t  r e s t :  p r o p e r t i e s  o f  the  ca rd iac  
muscle, pu l se  frequency, dimensions, c a r d i a c  ou tpu t  and hemo- 
dynamics c i r c u l a t i n g  blood mass, i n f r a c a r d i a c  and a r t e r i a l  
pressure, r e l a t i o n s h i p  between expu s i o n . p e r i o d ,  s y s t o l i c  
index, ca rd iac  rhythm and d i a s t o l i c  pressure i n  the  ao r ta ,  
r e l a t i o n s h i p  between e l e c t r i c a l  and mechanical a c t i v i t y  o f  
the  hear t ,  h e a r t  b lood supply, regu a t i o n  o f  ca rd iac  a c t i v i t y  
i n  a t h l e t e s ,  e t c .  

Many inves t iga t ions  dedicated t o  t h e  s tudy of t h e  card iac  a c t i v i t y  of - / 6  
heal thy persons have allowed us t o  e s t a b l i s h  t h a t  t he  range of f luc tua t ion  of 
var ious physiological  i nd ica to r s  i s  q u i t e  broad. 
considerable  ex ten t  by t h e  l eve l  of d a i l y  motor a c t i v i t y .  

I t  i s  determined t o  a 

The dynamics of card iac  a c t i v i t y  during spor t s  exerc ises  i s  determined 
by t h e  s i g n i f i c a n t ,  f requent ly  maximum t o l e r a b l e  loads performed during the  
process of  t r a i n i n g  and competition. 
s p e c i f i c s  observed both at r e s t  and under condi t ions of muscular work 
d i s t ingu i sh  the  l lsports hear t"  from t h e  hea r t  of untrained persons.  
changes which develop during systematic  t r a i n i n g  a r e  sometimes s o  g rea t  t h a t  
c e r t a i n  c l i n i c i s t s  consider it impossible t o  analyze the  "spor t s  hear t"  a s  a 
va r i an t  of  t he  normal hea r t  which, na tu ra l ly ,  i s  hyperbola. Inves t iga t ions  
o f  t he  work of t he  I1sports hear t"  have assured us  numerous times t h a t  t h e  
so-ca l led  mean normal ind ica to r s ,  which sometimes have no physiological  
sense,  are q u i t e  a r b i t r a r y .  

The q u a l i t a t i v e  and q u a n t i t a t i v e  

The 

Sports  a c t i v i t y  is  except ional ly  var ied .  Therefore,  t he  demands placed 
on t h e  cardiovascular  system during var ious types of spo r t s  a c t i v i t i e s  d i f f e r  
widely. 
na ture  of  t h e  exerc ises  pr imar i ly  used i n  t r a i n i n g .  

The dynamics of card iac  a c t i v i t y  of a t h l e t e s  a r e  determined by t h e  

In s p i t e  of t h e  considerable  i n t e r e s t  shown f o r  i nves t iga t ion  of t h e  

For example, t h e  da t a  on the  s y s t o l i c  volume and 
Very few da ta  a r e  ava i l ab le  concerning 

card iac  a c t i v i t y  of a t h l e t e s ,  some problems of  t h e  t l spor t s  hear t"  have been 
i n s u f f i c i e n t l y  s tud ied .  
volume p e r  minute a r e  cont rad ic tory .  
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/7  the  metabolism of  materials i n  t h e  myocardium, t h e  condi t ion of t h e  - 
coronary c i r c u l a t i o n ,  e t c .  The dependence o f  t h e  dynamics of card iac  
a c t i v i t y  on t h e  na tu re  of t h e  t r a i n i n g  has been l i t t l e  inves t iga ted .  
of t h e  s t r u c t u r a l  and func t iona l  changes of t h e  c i r c u l a t o r y  apparatus under 
t h e  inf luence of spo r t s  t r a i n i n g  i s  not  only o f  s ign i f icance  f o r  s p o r t s  
physiology and spor t s  medicine, but a l s o  i s  of  general  physiological  
i n t e r e s t .  

A study 

Principal  Propert ies  of  t h e  Cardiac Muscle 

The myocardium has a number of p rope r t i e s  which are common t o  a l l  muscle 
t i s s u e  -- e x c i t a b i l i t y ,  conduct ivi ty ,  c o n t r a c t a b i l i t y  and t o n i c i t y .  In  
addi t ion  t o  t h i s ,  t h e  card iac  muscle has a c h a r a c t e r i s t i c  s p e c i f i c  
f ea tu re  -- t h e  a b i l i t y  f o r  automation, i . e .  t h e  a b i l i t y  t o  cont rac t  
rhythmically under t h e  inf luence  o f  pu lses  a r i s i n g  within t h e  h e a r t  i t s e l f  
without t he  in t e r f e rence  of  any ex terna l  f a c t o r s .  We w i l l  analyze i n  t h i s  
por t ion  of  t h i s  chapter  t h e  f i r s t  t h r e e  p rope r t i e s  of t h e  myocardium -- auto- 
m a t i s m ,  e x c i t a b i l i t y  and conduct ivi ty .  The cont rac t ive  capaci ty  of t h e  
myocardium w i l l  be the  subjec t  of subsequent por t ions .  
hea r t  has as ye t  been l i t t l e  s tud ied ,  so t h a t  we w i l l  not discuss  it 
separa te ly  . 

The t o n i c i t y  of t he  

Automatism. In  t h i s  chapter ,  we w i l l  make exclusive use of t h e  myogenic 
theory of  automaty, according t o  which the  automatic funct ion i s  performed by 
the  muscle f i b e r s  i n  t h e  conductive system of the  hea r t .  Under physiological  
condi t ions,  the  c a p a b i l i t y  f o r  spontaneous rhythmic cont rac t ion  i s  h ighes t  i n  
t h e  f i b e r s  of  t h e  s inus  node, which acts as the  leader  of t he  card iac  rhythm 
(pacemaker). The s inus ,  or s inoaur i cu la r  node, i s  the  f i rs t  order  automatic 
center .  The automatism of t h e  a t r i o v e n t r i c u l a r  node ( the  second order  
center )  i s  more weakly expressed. This means t h a t  t he  frequency with which 
pulses  a r e  formed i n  the  a t r i o v e n t r i c u l a r  node i s  lower than i n  the  s ino-  
au r i cu la r  node. 
t h e  conducting system, which is  t h e  t h i r d  order  center ,  i s  even l e s s .  

The c a p a b i l i t y  for automatic funct ioning i n  the  f i b e r s  of  

The frequency of  card iac  cont rac t ions  i n  man a t  r e s t  v a r i e s  over wide 
l i m i t s  and depends t o  some exten t  on age, sex and body s i z e .  The i n t e n s i t y  
of  metabolic processes and the  l eve l  of d a i l y  motor a c t i v i t y ,  which a r e  
determined by t h e  profess ion  o r  amount of physical  exerc ise ,  have consider- 
ab le  s ign i f icance .  

The pulse  frequency i s  h ighes t  i n  e a r l y  childhood. I t  v a r i e s  i n  t h e  
new-born between 130-150 bea t s  p e r  minute, and i n  one-year-olds between 100 
and 120 bea ts  p e r  minute. 
t o  75-90 bea ts  p e r  minute. A t  puberty t h e  pulse  frequency of both boys and 

By 20 years  of  age, t h e  pulse  frequency has slowed considerably (65-80 bea ts  
pe r  minute). This range (55-85 bea t s  p e r  minute) i s  re ta ined  from then on. 
A s l i g h t  increase  i n  pulse  frequency is  observed i n  o ld  age. 

A t  1 2  years  of age, t h e  pulse  frequency i s  slowed 

g i r l s  increases  s l i g h t l y ,  bu t  u sua l ly  does not exceed 100 bea ts  p e r  minute. - / 8  

The mean values  
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decrease somewhat with age. 
than f o r  men, 

The pulse  frequency i s  somewhat higher  f o r  women 

T A B L E . 1 .  CHANGES O F  PULSE FREQUENCY O F  ATHLETES WITH AGE 
(ACCORDING TO R.  Ye. MOTYYANSKAYA, 1956) 

quency 70.3 67.9 62.1 

Pu 1 se 
f re- 

beat/  
min I _-- ~ __ 

~- 

3 1-35 

. _  

55.6 

-~ -. . . 

36-40 

. .  . . - . 

58.2 

__ 

~ - .  . . . . 

41 -45 

58.5 

_ -  

.. - . . . . .  

46-50 

. .  . -  

61.1 

-. 

The changes i n  hear tbea t  frequency with age f o r  a t h l e t e s  were s tud ied  
by R. Ye. Motylyanskaya (1956). 
Table 1, from which w e  can see  t h a t  t h e  na ture  of  t he  dynamics o f  t he  
card iac  rhythm with age is  t h e  same as the  changes observed i n  untrained 
persons,  However, c e r t a i n  q u a n t i t a t i v e  d i f fe rences  a r e  evident .  

The da ta  which she produced a r e  shown i n  

In a t h l e t e s ,  due t o  t h e i r  t r a in ing ,  powerful chol inerg ic  r eac t ions  a r e  
developed, one r e s u l t  of  which i s  t h e  negat ive chronotropic e f f e c t  and, 
consequently, t he  decrease i n  pulse  frequency. There i s  a d e f i n i t e  r e l a t i o n -  
sh ip  between t h e  i n t e n s i t y  of  t h e  negat ive chronotropic e f f e c t  and the  na ture  
of t h e  t r a i n i n g ,  Athletes  t r a i n i n g  f o r  endurance ( sk i e r s ,  long-distance 
runners,  swimmers, b i c y c l i s t s ,  e t c . )  show p a r t i c u l a r l y  g rea t  dec reases . in  
pulse  frequency. 
while t h e  mean value (according t o  t h e  da t a  of var ious authors) r a r e l y  exceeds 
50 bea ts  pe r  minute. Ath le tes  who have t r a ined  f o r  speed do not  show such a 
grea t  decrease i n  pulse  frequency ( the  range v a r i e s  between 48 and 78 bea t s  
pe r  minute),  
unchanged i n  comparison with t h e  da t a  of  untrained persons.  
mean values a r e  considerably lower . (accord ing  t o  the  da t a  of var ious authors,  
t he  mean frequency v a r i e s  around 60 bea ts  pe r  minute). 
frequency f o r  a t h l e t e s  whose t r a i n i n g  includes predominantly s t a t i c  e f f o r t  

Their  pu lses  vary between 30 and 66 bea t s  pe r  minute, 

In  some observat ions,  pulse  frequency has been found completely 
However, t h e  

The changes i n  pulse  
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and a t h l e t e s  i n  which s t a t i c  e f f o r t  must be combined with dynamic e f f o r t  show 
approximately t h e  same types of changes. 

The presence of s inus  bradycardia has been noted by many inves t iga to r s  
(Herxheimer, 1933; Reindell  e t  a l . ,  1949; S. P .  Letunov, 1957; A. N. Krestov- 
nikov, 1951; A. I. Smirnov, 1962; L. A. Butchenko, 1958, 1959; V.  V. Matov, 
1960; V. N. Kalyunov, 1963; e t c . ) .  The d a t a  of  L .  A. Butchenko (1963), 
produced i n  the  examination of a l a rge  number of well  t r a ined  a t h l e t e s ,  a r e  
t o  some exten t  t yp ica l .  Sinus bradycardia was noted i n  67.6% of  t h e  cases .  
In  44.7% of  t h e  observat ions,  it w a s  moderately expressed (50-59 bea ts  p e r  
minute). In  21.3% of t h e  cases ,  t h e  pulse  frequency var ied  between 
40-49 bea ts  p e r  minute, and only i n  1.6% was t h e  pulse  as low as 31-39 bea ts  
p e r  minute. In t h e  opinion of  a number of authors  ((White, 1940; Kienle, 
1946; Mellerowicz, 1956; e t c . )  t h i s  r eac t ion  o f  t h e  rhythm may be a r e s u l t  of  
pathological  states. However, S. P.  Letunov (1954), L. A. Butchenko (1958) 
and o thers  have shown t h a t  sharply expressed s inus  bradycardia i n  a t h l e t e s  i s  
most f requent ly  a c h a r a c t e r i s t i c  of  a w e l l  funct ioning h e a r t ,  and i s  a r e s u l t  
of  high t r a i n i n g .  

/% 

Athletes  show a c l e a r  r e l a t ionsh ip  between hea r t  dimensions and pulse  
frequency: 
(Reindell ,  1949; Emmrich e t  a l . ,  1962). 

as t h e  hea r t  volume increases ,  t he  cardiac rhythm becomes slower 

Bradycardia i n  a t h l e t e s ,  as a r u l e ,  i s  accompanied by var ious degrees of  
s inus  arythmia. According t o  t h e  da t a  of S. P:Letunov (1957), s inus  
arythmia i n  highly t r a i n e d  a t h l e t e s  i s  observed i n  54% of the  cases ,  while 
according t o  t h e  da t a  of Wolfe (1957) -- i n  47.6%, L.. A. Butchenko 
(1963) -- 60.8%. A t  t he  same t i m e ,  a t h l e t e s  of low q u a l i f i c a t i o n  and 
i n s u f f i c i e n t  t r a i n i n g  show s inus  arythmia s i g n i f i c a n t l y  less f requent ly .  
Most i nves t iga to r s  look upon s inus  arythmia a r i s i n g  i n  a t h l e t e s  under t h e  
inf luence of systematic t r a i n i n g  as a manifestat ion of high func t iona l  
capaci ty  of t h e  myocardium. However, sharp s inus  arythmia may a l s o  a r i s e  
during d is rupt ion  of t he  normal card iac  a c t i v i t y .  
s inus  bradycardia and arythmia should be t h e  subjec t  of ca re fu l  medical 
inves t  iga i ion .  

Thus, cases  of  expressed 

There i s  considerable  i n t e r e s t  i n  t he  inves t iga t ions  of A. G. Falaleyev 
(1964), V. M. Za ts iorsk iy  and S. K. Sarsaniya (1965), which def ined 
t h e  ind ica to r s  of v a r i a b i l i t y  of t he  card iac  rhythm -- t h e  s tandard devia t ion  
( in  seconds) and t h e  v a r i a t i o n  c o e f f i c i e n t  ( i n  percent ) .  Highly q u a l i f i e d  
a t h l e t e s  a t  r e s t  showed a considerable  v a r i a b i l i t y  of  t h e  pulse  rhythm. 
Thus, according t o  the  da t a  of  S. K. Sarsaniya (1965), t h e  s tandard devia t ion  
amounted t o  an average of  0.07 sec, while t h e  v a r i a t i o n  c o e f f i c i e n t  was 
6.3% with a mean pulse  frequency of  52  bea ts  p e r  minute. The author notes  an 
increase i n  v a r i a b i l i t y  with a decrease i n  pulse  frequency ( the re  is  a 
r e l i a b l e  negat ive dependence between pulse  frequency and i ts  v a r i a b i l i t y ) .  
A. G .  Falgleyev, V. M. Za ts iorsk iy  and S. K. Sarsaniya assume t h a t  t h e  
. v a r i a b i l i t y  of  t h e  card iac  rhythm r e f l e c t s  t h e  s t a t e  o f  t r a i n  t o  a c e r t a i n  
ex ten t .  
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Changes i n  card iac  rhythm a r e  determined t o  a considerable  ex ten t  by t h e  / l o  - state of t r a i n  of t h e  a t h l e t e .  
observed with a high s ta te  of t r a i n i n g ,  i n  so-ca l led  s p o r t s  form, while as 
the  state of t r a i n i n g  decreases,  a c e r t a i n  increase  i n  pulse  frequency i s  
noted (S. P. Letunov, R. Y e .  Motylyanskaya, 1951; N. D. Grayevskaya, 
1962; e t c . ) .  
t r a i n i n g  is an important c r i t e r i o n  f o r  evaluat ion o f  t h e  func t iona l  s ta te  of 
t h e  a t h l e t e .  

Usually, t he  lowest pu lse  frequency is  

The dynamics o f  t he  card iac  rhythm during t h e  process o f  

The pulse  frequency of  a t h l e t e s  a t  rest is  one i n d i c a t o r  of  t h e  adapt- 
a t i o n  of  t he  organism t o  t h e  e f f e c t  of  t he  spo r t s  t r a i n i n g .  
leads t o  
vagosympa h e t i c  equi l ibr ium and i s  re f lecqed  i n  t h e  pulse  frequency. I t  
might be  1 ssumed t h a t  t h e  bradycardia obsqrved i n  sportsmen ind ica t e s  an 
"economy" of t h e  a c t i v i t y  of  t he  c i r c u l a t q r y  apparatus a t  r e s t .  The decrease 
i n  pulse  frequency provides an increase  i n  the  p o t e n t i a l  l a b i l i t y  of  t h i s  
i nd ica to r  i n  a t h l e t e s ;  a 5-6 times increase  i n  t h e  pulse  rhythm is poss ib le  
under physical  load, while f o r  untrained persons t h e  card iac  rhythm can 
increase  by not more than 3-3 1 /2  times. 

Training, which 
n increase  of  t he  c e n t r a l  tone cpf the  vagus nerve changes t h e  

Excitability. Contemporary conceptiods concerning t h e  mechanism of 

On t h e  b a s i s  of t h e  concepts of 
e x c i t a t i o n  a r e  r e l a t e d  t o  t h e  membrane theqry  of  Bernstein and German 
developed f o r  nerve conductors i n  1902. 
membrane theory,  success fu l ly  developed i n  the works o f  Hodgkin (1945, 
1951, 1953), Cur t i s  (1942), Huxley (1957, 1059, 1961), Hoffmann and 
Cranefield (1958, 1962) and o thers ,  t h e  development of exc i t a t ion  i n  t h e  
muscle f i b e r  can be represented as follows. 
i s  charac te r ized  by a c e r t a i n  e l e c t r i c a l  p o t e n t i a l  -- t h e  rest p o t e n t i a l ,  
r e s u l t i n g  from the  presence of  a concentratilon gradien t  f o r  ions  o f  
potassium and sodium. 
the  c e l l ,  and a high concentrat ion of  sodium ions i n  t h e  medium outs ide  t h e  
c e l l .  Weidmann (1956, 1959), Lensi, Canniggia (1953) and o thers  have 
shown t h a t  potassium is  approximately 30 times more abundant and sodium 
approximately 20 times l e s s  abundant within 9he c e l l s  of t h e  myocardium than 
i n  t h e  substance surrounding t h e  c e l l s .  

c 

The membrane of  a muscle f i b e r  

There i s  a high conceptrat ion of  potassium ions within 

The r e s t  p o t e n t i a l  i n  t he  card iac  muscle i s  +90 mv. During exc i t a t ion ,  
t he  rest p o t e n t i a l  drops and t h e  membrane is  recharged t o  -30 mv. 
change i n  p o t e n t i a l  is  thus  120 mv. The jump i n  ac t ion  p o t e n t i a l  -- t h e  
"spike" -.- r e s u l t s  from rapid  in t roduct ion  of  sodium ions . to  t he  c e l l  
(Rothenberg, 1949). 
potassium ions.  
t h e  drop i n  the  ac t ion  p o t e n t i a l  curve. 

The 

During t h i s  time, t he  membrane becomes permeable f o r  
The departure  of t h i s  ca t ion  from t h e  c e l l  corresponds t o  

As t h e  exc i t a t ion  propagates,  t he  f i b e r s  of  t h e  myocardium cont rac t .  
The contracted myocardium does not  r eac t  t o  exc i t a t ion ,  and the  period o f  
nonexc i t ab i l i t y  ( r e f r ac to ry  phase) i n  the  hea r t  i s  considerably longer than 
i n  s k e l e t a l  muscles and nerve f i b e r s .  A dist inct t ion i s  made between t h e  

e x c i t a t i o n  o f  a sec t ion  of  t h e  myocardium cannot r e s u l t  i n  supplementary 
absolu te ly  r e f r ac to ry  phase (about 0.1 s ec ) ,  during which even s t rong /11 
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contract ion,  and t h e  r e l a t i v e l y  r e f r ac to ry  phase, which a r i s e s  approximately 
0.1 sec  a f t e r  beginning of t h e  cont rac t ion  of a po r t ion  of  t h e  cardiac 
muscle, during which t h e  e x c i t a b i l i t y  of  t h e  s e c t o r  i n  question i s  s t i l l  low. 
However, extremely s t rong  exc i t a t ion  can s t i l l ' c a u s e  contract ion.  In  the  
s inoaur icu lar  node and t h e  v e n t r i c u l a r  myocardium, t h e  r e f r ac to ry  phase i s  
more extensive than i n  t h e  musculature o f  t h e  atrium. 

One manifestat ion of  t he  decreased e x c i t a b i l i t y  o f  t h e  myocardium i s  an 
Ext rasys to les  f requent ly  appear with var ious  emotions and may ex t rasys to le .  

occur under the  inf luence of  musculature e f f o r t .  L. I .  Fogelson (1958) 
assumes t h a t  when the  e x c i t a b i l i t y  of t h e  myocardium i s  increased, cen ters  o f  
l a t e n t  pathological  e x c i t a t i o n  (inflammatory, dys t rophic  and tox ic)  with 
r e l a t i v e l y  low fo rce  reach the  threshold of  e x c i t a t i o n  and cause prel iminary 
contract ion.  

Extrasystoles  r a r e l y  appear i n  a t h l e t e s  ( V. N. Kalyunov, 1964 ) ; 
Z. B. Belotserkovskiy, 1965; e t c . ) .  However, a t  r e s t  they appear r e l a t i v e l y  
more frequent ly  than with untrained persons (see Chapter XII). Their 
appearance i s  usua l ly  r e l a t e d  with an increase  i n  t h e  cen t r a l  tone of t h e  
vagus nerve. The ex t r a sys to l e s  a t  r e s t ,  as a r u l e ,  disappear during physical  
exer t ion .  The r e l a t i v e l y  "benign" na ture  of t h i s  type of ex t r a sys to l e  does 
not  exclude the  necess i ty  of ca re fu l  card io logica l  t e s t i n g  of  a t h l e t e s  with 
such rhythmic i r r e g u l a r i t i e s .  

Conduct iv i ty .  In  t h e  normal hea r t ,  t he  exc i t a t ion  wave, beginning i n  
the  s inoaur icu lar  node, gradual ly  encompasses t h e  musculature of t he  
v e n t r i c l e ,  i n t r a v e n t r i c u l a r  septum, then reaching the  a t r i o v e n t r i c u l a r  node, 
where t h e  so -ca l l ed  a t r i o v e n t r i c u l a r  pause occurs,  t he  mechanism of exc i ta -  
t i o n  of which i s  not ye t  c l e a r .  
along the  bundle of  H i s ,  i t s  blades,  branches, terminal  branches, and reaches 
t h e  myocardium. Due t o  t h e  subendocardial loca t ion  of t h e  terminal branches 
of  t h e  conductive system, the  exc i t a t ion  f irst  encompasses the  in t e rna l  
layers  of t h e  myocardium and then propagates a t  lower speed t o  t h e  surrounding 
1 ayers . 

After  t h i s ,  t he  e x c i t a t i o n  wave extends 

The r a t e  of  conduction of exc i t a t ion  d i f f e r s  i n  d i f f e r e n t  sec t ions  of 
t h e  hea r t .  In t h e  v e n t r i c l e s  it va r i e s  between 800 and 1000 mm/sec. The 
highest  r a t e  of  propagation of the. exc i t a t ion  wave i s  i n  t h e  conducting 
system i n  which i t  reaches 3000-4000 mm/sec. The lowest r a t e  i s  i n  the  
a t r i o v e n t r i c u l a r  node, where the  so-ca l led  a t r i o v e n t r i c u l a r  delay occurs.  

The per iod required for t h e  exc i t a t ion  t o  t r a v e l  through t h e  atriums 
and t h e  i n t r a v e n t r i c u l a r  conducting system, i . e .  t h e  time from t h e  beginning 
of exc i t a t ion  of t h e  atriums t o  t h e  beginning o f  e x c i t a t i o n  of t he  
v e n t r i c l e s  i s  r e f l ec t ed  on the  electrocardiogram i n  t h e  form of the  P-Q 

persons v a r i e s  from 0.12 t o  0.18 sec.  In  a t h l e t e s ,  t h e  range of  f luc tua t ion  
is  increased t o  0.21 sec.  
accompanies a r e t a rda t ion  i n  t h e  pulse  rhythm and i s  a l s o  r e l a t e d  t o  an 
increase  i n  t h e  c e n t r a l  tone of t h e  vagus nerve. 

i n t e r v a l .  The length of t h i s  i n t e r v a l  i n  heal thy,  untrained - / 1 2  

This lengthening of the  P-Q i n t e r v a l  f requent ly  
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According t o  t h e  d a t a  of  L. A. Butchenko (1963), i n  2 .2% of  t h e  observ- 
a t ions  of  a t h l e t e s ,  t h e  P-Q interval was increased from 0.22 t o  0.40 sec. 
S .  P. Letunov (1957), L. A. Butchenko (1963) and o thers  assume t h a t  i n  cases 
when t h e  length of  t h e  i n t e r v a l  does not  exceed 0.27 sec and it i s  shortened 
under the  inf luence of physical  stress and t h e  i n j e c t i o n  o f  atropine,  t h e  
lengthening i s  a r e s u l t  of parasympathetic inf luences.  Less frequent ly ,  t he  
lengthening of  t h e  P-Q i n t e r v a l  i n  a t h l e t e s  involves pathological  changes of  
t h e  myocardium. In  these  cases, corresponding changes i n  electrocardiograms 
are noted, and muscular e f f o r t ,  t h e  in j ec t ion  of  a t ropine ,  e tc .  e i t h e r  do not  
change t h e  durat ion of  t h e  P-Q i n t e r v a l ,  o r  lead t o  a s l i g h t  shortening with 
subsequent lengthening. 

The i n i t i a l  por t ion  of t h e  e lectr ical  sys to l e  of  t h e  ven t r i c l e s  -- t h e  
QRS complex -- r e f l e c t s  t h e  process of exc i ta t ion  o f  both ventricles.  
durat ion f luc tua te s  from 0.05 t o  0.10 sec. In  connection with the  fact  tha t  
i n  various branches, t h e  i n i t i a l  and terminal por t ion  of t h e  complex a re  
sometimes i s o e l e c t r i c ,  t h e  durat ion of t h e  QRS complex i s  defined i n  the  
branch i n  which it i s  g r e a t e s t .  

I t s  

In a t h l e t e s ,  according t o  t h e  da t a  of L. A. Butchenko (1961), i n  
4.1% of t h e  observations a lengthening of t he  QRS complex i s  noted. 
Frequently, t h i s  lengthening is  combined with o ther  changes of  t he  e lec t ro-  
cardiogram, a r e s u l t  of damage t o  t h e  myocardium. A t  t h e  same time, t he re  i s  
no convincing proof t o  ind ica t e  the  physiological na ture  of i so l a t ed  length- 
ening of t h e  QRS complex, which, i n  the  opinion of  Reindell  (1949), 
Mellerowicz (1956) and o thers ,  might r e s u l t  from hypertrophy of t h e  
myocardium ( f o r  more d e t a i l  on t h i s  po in t  see Chapter V, t h e  sec t ion  on 
"Electrocardiography") . 

Dimensions o f  t h e  Sports Heart 

The weight and dimensions of t h e  hea r t  are influenced considerably by 
muscular a c t i v i t y .  
animals have shown t h a t  as a r e s u l t  of t r a i n i n g  t h e  weight of t h e  hear t  ( i n  
r e l a t i o n  t o  t h e  weight of t he  body) can increase by 40% (I .  A. Arshavskiy 
e t  a l . ,  1963, 1965, e t c . ) .  The volume of t he  hea r t  i s  a l so  considerably 
increased. 

Experimental inves t iga t ions  i n  var ious labora tor ies  with 

In a th l e t e s ,  t h e  increase i n  the  dimensions of t h e  hea r t  (based on 
percuteur data)  was f irst  noted by Henschen (1898), who evaluated t h i s  fact  
as evidence of t h e  unfavorable inf luence of  spo r t s  on card iac  a c t i v i t y .  He 
introduced t h e  term l l spor t s  hear t"  i n  order  t o  ind ica t e  what he believed t o  

under t h e  inf luence of  physical  exercise .  Natural ly ,  t h e  views of Henschen 
on the  genesis  of t h e  increase i n  the  s ize  of t he  hea r t  i n  a t h l e t e s  were not 
broadly recognized. 

be pathological  changes i n  t h e  fundamental s t a t e  of t h e  hea r t  developing /13 

In many experimental inves t iga t ions  and observations with humans it has 
been establ ished t h a t  high muscular a c t i v i t y  causes t h e  development of a 
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moderate expansion of  the  v e n t r i c u l a r  c a v i t i e s .  
tonogenic d i l a t i o n  r e s u l t s  i n  compensatory hypertrophy of t he  muscular w a l l  
of the  v e n t r i c l e  ("harmonic growth" according t o  Linzbach). I t  i s  remarkable 
t h a t  t h e  increase  i n  the  dimensions of t h e  h e a r t ,  l i k e  the  compensatory 
hypertrophy, observed i n  a t h l e t e s  i s  a r eve r s ib l e  phenomenon. When system- 
a t i c  t r a i n i n g  i s  in t e r rup ted ,  t h e  volume of t he  hea r t  gradual ly  decreases 
( N .  A. Kurshakov, 1947; A. N. Krestovnikov, 1950; S. P. Letunov and 
R. Ye. Motylyanskaya, 1951). 

This type of expansion or 

In  order  t o  def ine  the  volume of t h e  hea r t ,  b ip lanar  teleroentgenography 
can be used (see Chapter VII),  i n  which the  ca l cu la t ion  of  t h e  volume of t he  
hear t  i s  performed using t h e  Musshoff-Reindell formulas, or Andersson's 
formula, e t c . ,  or t h e  t a b l e s  of Zdansky, e t  a l .  

Roentgenkymography is  pr imar i ly  used i n  our country f o r  ana lys i s  of  t he  
dimensions of  a t h l e t e s '  hea r t s  (S. P. Letunov and R. Ye. Motylyanskaya, 
1951; N .  D. Grayevskaya, 1960; T .  E. Karu, 1966; N .  V. Savina, 1958; 
e t c . ) .  

During the  per iod of  growth ( i . e . ,  up t o  20 years)  t he re  i s  a c lose  
i n t e r r e l a t i o n s h i p  between hea r t  volume and age (Musshoff, Reindell  e t  a l . ,  
1958). Up t o  16 years ,  t h i s  dependence i s  s t r i c t l y  l i n e a r .  The increase  
averages 50 c m 3  pe r  year  ( in  t h e  per iod from 16 t o  20 years ,  the  increase  
diminishes).  A t  10-11 years  of  age, t h e  volume of  t he  hea r t  i s  411.5 * 
k 9.8 cm3, and it . increases  by 19 years  t o  769.5 -I 15.8 cm3 (Musshoff 
e t  a l . ) .  

According t o  the  da t a  of R. Ye. Motylyanskaya (1956), during long-term 
observat ions of young a t h l e t e s ,  i n  30% of t h e  cases an increase  i n  the  area 
of t he  hea r t  was noted (most f requent ly  during systematic  exerc ises  i n  
sk i ing ,  l i g h t  a t h l e t i c s ,  f o o t b a l l  o r  b icyc le  r id ing ) .  A moderate increase  i n  
hear t  volume was noted i n  young baske tba l l  p layers  by T.  E. Karu (1966). The 
r e l a t i v e l y  s l i g h t  changes i n  t h e  young people can apparently be explained by 
t h e  high motor a c t i v i t y  normal f o r  t h i s  age even when no regular  spo r t s  
exerc ises  a r e  performed. 

A q u i t e  c lose  r e l a t ionsh ip  i s  observed between the  volume of the  h e a r t  
and body weight (Musshoff e t  a l . ,  1958; Emmrich e t  a l . ,  1962; T. E .  Karu, 
1966; e t c . ) .  The mean values  of t h e  r a t i o  of hea r t  volume t o  body weight 
f l u c t u a t e  over very narrow l i m i t s .  Musshoff e t  a l .  (1958), who inves t iga ted  
t h i s  problem f o r  some time, es tab l i shed  t h a t  t h e  minimum value of t he  r a t i o  
of  hea r t  volume t o  body weight i s  observed f o r  women between 22 and 41 years 
of  age (averaging 9.4),  while t he  maximum (averaging 14.19) was noted i n  
a t h l e t e s  of 18-32 years  of  age. The c o r r e l a t i o n  between hear t  s i z e  and body 
weight i n  untrained persons i s  r a t h e r  high (r = 0.6-0.8). In  a t h l e t e s ,  due 
t o  the  varying hypertrophy of  t h e  myocardium, t h i s  dependence i s  considerably 
weaker (r = 0.44-0.47). Thus, according t o  t h e  da ta  of Emmrich e t  a l .  
(1962), 15 female a t h l e t e s  between16 and 25 years  of  age ( l i g h t  a t h l e t i c s ,  
sk i ing ,  swimming) had a r a t i o  of hea r t  s i z e  t o  body weight of  8.9-14.2. 
In 104 men ( l i g h t  a t h l e t i c s ,  b icyc l ing ,  rowing, sk i ing ,  swimming) t h i s  r a t i o  
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f luc tua ted  between 9.8 and 18.4. The l e a s t  range of v a r i a t i o n  (12.3-15.3) 
was noted f o r  t he  sk i e r s .  The r a t i o  of hea r t  s ize  t o  body weight depends 
l i t t l e  on age. T. E. Karu (1966), on t h e  b a s i s  of ana lys i s  of l i t e r a t u r e  
da ta  and h i s  own data ,  noted t h a t  t he  proper r a t i o  of hear t  volume t o  body 
weight i n  t h e  prone pos i t ion  is  11 .2  -F 2.89, and i s  p r a c t i c a l l y  independent 
of sex and age. In  t h e  standing pos i t ion ,  t h i s  r a t i o  decreases and amounts 
t o  9.8 k 2.89. In a t h l e t e s  (pa r t i cu la r ly  t h o s e . t r a i n e d  f o r  endurance) t h i s  
r a t i o  increases.  

The re la t ionships  between the  hea r t  s ize  and height  are considerably 
more var iab le .  According t o  t h e  d a t a  of various authors ,  t he  c o r r e l a t i o n  
coef f ic ien t  f l uc tua te s  from 0.38 t o  0.847, i .e .  over q u i t e  broad limits. 
This var ied na ture  o f  t h e  d a t a  i s  probably p r i n c i p a l l y  determined by age. 
R. Y e .  Motylyanskaya (1956) ind ica t e s  t h a t  t h e  r e l a t i o n s h i p  between hear t  
s ize  and height ,  most s t rongly expressed during t h e  first years of l i f e ,  
gradually decreases.  
puberty. 

This dependence i s  most sharply disrupted during 

A c lose r  dependence obtains  between hea r t  volume and area  of body 
surface.  However, i n  a th l e t e s ,  due t o  t h e  wide range of v a r i a t i o n  i n  hear t  
s i z e ,  t h i s  cor re la t ion  i s  l e s s  s t rongly expressed than i n  untrained persons: 

According t o  t h e  da ta  of Reindell, Musshoff and Klepzig (1960), hear t  
volume i n  a t h l e t e s  averages 36.5% g r e a t e r  than i n  untrained persons 
(respect ively 1010 cm3 and 740 cm3). 
approximately by 125 g, i . e .  within approximately t h e  same l i m i t s .  

The weight of t h e  hea r t  increases  

The changes i n  hear t  s i z e  are most s t rongly expressed i n  a t h l e t e s  
t r a i n e d  f o r  endurance. Thus, Pi jade (1954) found the  l a rges t  hear t s  i n  
swimmers and middle-distance runners, the  smallest  h e a r t s  i n  s p r i n t e r s ,  
vo l leybal l  players  and boxers (although these  a t h l e t e s  a l s o  had l a rge r  h e a r t s  
than untrained persons). 
detected f o r  a t a l l  water polo player  (Medved, 1964). 

The maximum absolute  hea r t  volume (1100 cm3) was 

According t o  t h e  r e s u l t s  of  the  inves t iga t ions  of Emmrich e t  a l .  (1962) 
who examined 119 p a r t i c i p a n t s  i n  t h e  winter and summer Olympic Games, the  
absolute hear t  volume var ied from 505 t o  1300 cm3. 
were generally found f o r  women and young a th l e t e s .  

The smaller hear t  volumes 

Similar da ta  concerning the  dynamics o f  hea r t  dimensions under the  
influence of spo r t s  t r a i n i n g  were produced by N.  D.  Grayevskaya (1962), 
T. E.  Karu (1966), N. V. Savina (1958), i n  s p i t e  of t h e  various methods which 
they used. 

In roentgenkymographic inves t iga t ions  of a la rge  number of a t h l e t e s ,  
S,  P.  Letunov and R. Ye. Motylyanskaya (1951) discovered changes in  the  
hear t  configuration i n  74% of t h e i r  observations.  
da ta  produced allowed the  authors t o  describe th ree  types (or var i an t s )  of 
l 'sports hear t ."  
changes i n  magnitude o r  configuration of  t h e  hea r t  (26% of the  observations).  

Detailed ana lys i s  of t h e  

The f i rs t  v a r i a n t  i s  character ized by t h e  absence of any 
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The second va r i an t  i s  charac te r ized  by more o r  less d i s t i n c t i v e  changes i n  
the  l e f t  ven t r i c l e ,  inf luencing t h e  configurat ion and s ize  of t h e  h e a r t  
(40.9% of  t h e  observat ions) .  
were observed not  only i n  t h e  l e f t ,  but i n  t h e  r i g h t  sec t ions  of t h e  hea r t  
( t h i r d  va r i an t ) ;  changes i n  t h e  s i z e  (area)  of  the  hea r t  are most f requent ly  
observed with t h i s  t h i r d  type of  ' lsports heart".  

F ina l ly ,  i n  33.1% of  t h e  observat ions changes 

The expediency of typological  cha rac t e r i za t ion  o f  l l spor t s  hear t"  i s  
confirmed by many observations.  Thus, V. N. Kuz'mina (1954) noted r e l i a b l e  
d i s t i n c t i o n s  between t h e  card iac  de l ive ry  rate i n  a t h l e t e s  with t h e  var ious 
types o f  lIsports hear t ."  
inf luence of  dosed muscular t r k  and o the r  ac t ions .  
determines t o  some exten t  t h e  - func t iona l  state of the  myocardium (S. P. Letu- 
nov, R. Ye. Motylyanskaya, 1952). 

Also, c h a r a c t e r i s t i c  s h i f t s  were noted under t h e  
The type o f  hea r t  

According t o  the  da t a  of V. V. Bulychev, V. A. Khmelevskiy and 
Yu. V. Rutman (1965), t h e  h e a r t s  of  a t h l e t e s  are enlarged due t o  enlargement 
of  both v e n t r i c l e s  o r  pr imar i ly  enlargement of  t he  r i g h t  v e n t r i c l e .  
authors  d id  not  observe any i s o l a t e d  change i n  t h e  configurat ion o f  t he  l e f t  
v e n t r i c l e .  

The 

In t h e  experimental i nves t iga t ions  of Van Liere  e t  a l .  (1964), it was 
es tab l i shed  t h a t  under the  inf luence of systematic  t r a i n i n g  (dogs ran  on a 
t readmi l l  f o r  one hour twice a day f o r  two months a t  1609 m/hr), moderate 
hypertrophy of both v e n t r i c l e s  developed i n  the  experimental animals, and 
i s o l a t e d  hypertrophy of both the  r i g h t  and le f t  v e n t r i c l e s  was a l s o  observed. 
On the  average, t h e  weight of  t he  r i g h t  v e n t r i c l e  was increased by 10-16%, o f  
the  l e f t  v e n t r i c l e  -- by 10-13%. The r a t i o  of t h e  weight of  t h e  l e f t  
v e n t r i c l e  t o  t h e  weight of t h e  r i g h t  v e n t r i c l e  remained p r a c t i c a l l y  unchanged 
on t h e  average. I t  i s  i n t e r e s t i n g  t h a t  i n  the  animals of another group which 
was subjected t o  hypoxia, sharp hypertrophy of t he  r i g h t  v e n t r i c l e  was 
developed, while t h e  changes i n  the  l e f t  v e n t r i c l e  were r e l a t i v e l y  s l i g h t .  
The d i f fe rence  i n  weight of  r i g h t  and l e f t  v e n t r i c l e s  i n  these  animals was 
almost t he  same. 

An increase  i n  t h e  volume of  t h e  hea r t  i s  accompanied by a s i g n i f i c a n t  
increase  i n  t he  r e l a t i v e  blood volume ( a t  r e s t ) ,  Thus, Klepzig (1955) 
es tab l i shed  t h a t  t he  r a t i o  of s y s t o l i c  volume of blood t o  the  f i l l i n g  volume, 
i . e . ,  t h e  e n t i r e  volume of blood contained i n  t h e  v e n t r i c l e  a t  t he  end of  t h e  
d i a s t o l e  averages 1 : 2 . 2  f o r  a t h l e t e s  (1:1.3 for untrained persons).  The 
increase  i n  t h e  r e s idua l  blood volume ind ica t e s  an increase  i n  func t iona l  
reserve  o f  a t h l e t e s '  hea r t s .  

/16 - 

Cardiac Output and Hemodynamics 

The s y s t o l i c  volume and volume p e r  minute of blood c i r c u l a t e d  are 
important i nd ica to r s  of t h e  func t iona l  s t a t e  of t h e  cardiovascular  system. 
Inves t iga t ions  of t he  card iac  output under var ious physiological  and patho- 
log ica l  condi t ions have long a t t r a c t e d  t h e  a t t e n t i o n  of phys io logis t s  and 
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c l i n i c i s t s .  There i s  p a r t i c u l a r  i n t e r e s t  i n  a s tudy of  t h e  card iac  output of 
a t h l e t e s .  Lindhard (1915) i s  considered t o  be t h e  first phys io logis t  who 
s tudied  t h e  dynamics of t h e  volume p e r  minute and p e r  bea t  for a t h l e t e s  (over 
one-half century ago he inves t iga ted  one well  t r a ined  b i cyc le  r i d e r  among a 
group of  hea l thy  persons).  Since then, t h e  inves t iga t ion  of t hese  ind ica to r s  
of  card iac  a c t i v i t y  i n  a t h l e t e s  both a t  rest and under condi t ions of muscular 
a c t i v i t y  has a t t r a c t e d  many phys io logis t s  and c l i n i c i s t s .  However, t h e r e  i s  
s t i l l  no f i n a l  answer t o  t h e  quest ion of t he  na ture  of t he  changes i n  t h e  
volume p e r  beat  and volume p e r  minute pumped by t h e  hea r t  under t h e  inf luence 
o f  systematic  t r a in ing .  The reason for t h i s  l ies  i n  the  varying methodo- 
log ica l  approaches t o  determination of card iac  output ,  t h e  very small number 
of a t h l e t e s  inves t iga ted  by most authors ,  as wel l  a s  t h e  inc lus ion  among 
those inves t iga ted  of a t h l e t e s  of low q u a l i f i c a t i o n .  
t h i s  t h a t  f requent ly  a l l  of t h e  a t t e n t i o n  of  t he  inves t iga to r  i s  a t t r a c t e d  by 
a t h l e t e s  t r a ined  f o r  endurance. 
func t ion  of s p o r t s  s p e c i a l i z a t i o n  has ever been done. 

I t  should be added t o  

No charac te r iza t ion  of  card iac  output as a 

Since t h e  most p rec i se  methods of measurement of blood volume pe r  
minute and p e r  beat  are genera l ly  t raumatic ,  r equ i r e  complex apparatus,  e t c . ,  
s impler  methods which represent  no inconvenience f o r  t he  t e s t  subjec ts  but  
a r e  a l s o  l e s s  p rec i se  a r e  genera l ly  used t o  inves t iga t e  a t h l e t e s .  They 
include the  Bremser-Ranke and Wezler-Boger methods. 

In  i n v e s t i g a t i m s  of t h e  card iac  a c t i v i t y  of  a t h l e t e s ,  the  acetylene 

This method provides more r e l i a b l e  information on 
method of Grollman is f requent ly  used ( i n  our country usua l ly  i n  t h e  Parin- 
Khrenov modification).  
card iac  output than t h e  physical  methods. 
popular i ty  appa ren t ly . r e su l t s  from t h e  cumbersomeness of i nves t iga t ions  using 
t h i s  method. Recently, I. V. Aulik (1965). .began t o  use chromatography, which 
g r e a t l y  s impl i f i e s  t h e  method. 

I ts  r e l a t i v e l y  i n s u f f i c i e n t  

The most p rec i se  methods a r e  those f o r  d i r e c t  determination of  card iac  /17 
output according t o  Fick and %he methods r e l a t e d  t o  d i l u t i o n  of an 
ind ica to r .  In  recent  years ,  Reindell  e t  a l .  (1960), Mitchell  (1963), 
Astrand e t  a l .  (1964), S a l t i n  (1964) , Hansome and Tabakin (1965) and o thers  
have used these  methods t o  inves t iga t e  the  func t iona l  s t a t e  of t he  c i r c u l -  
a t o r y  apparatus of a t h l e t e s .  However, even t h i s  seemingly q u i t e  r e l i a b l e  
information is  not  a completely ob jec t ive  r e f l e c t i o n  of t h e  s t a t e  of t he  
card iac  output.  
o f  t h e  ind ica to r ,  i n t r aca rd iac  ca the t e r i za t ion  and o the r  manipulations which 
t h e s e  methods involved can d i s t o r t  t he  t r u e  ind ica to r s  of card iac  output (we 
know t h a t  during s t rong exc i t a t ion ,  t h e  volume p e r  minute may t r i p l e ) .  

- 

The emotional stress involved i n  intravenous i n j e c t i o n  

I t  follows from the  above t h a t  t h e  da ta  of var ious authors ,  p a r t i c u l a r l y ,  
when var ious d i f f e r e n t  methods of i nves t iga t ion  a r e  used, can be compared 
only q u i t e  caut iously.  

The s y s t o l i c  volume 
q u i t e  broadly -- from 60 
bea t  on t h e  body sur face  

o r  volume p e r  bea t  f o r  hea l thy  persons f l u c t u a t e s  
t o  100 mR. 
a r e a  has been noted. In  connection with t h i s ,  i n  

A c e r t a i n  dependence of t h e  volume p e r  
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order  t o  compare t h i s  quan t i ty  f o r  persons of var ious body types, the  
s y s t o l i c  o r  bea t  index ( r a t i o  of  volume p e r  bea t  i n  mR t o  a rea  of body 
sur face  i n  square meters) has been used. 
ind ica ted  t h e  dependence of the  volume p e r  bea t  on he igh t ,  body weight and 
h e a r t  volume. In  the  s tanding or s i t t i n g  pos i t i on ,  t h e  volume per  beat  is  
lower than i n  t h e  prone pos i t i on  (Sjostrand,  1956; Rushmer, 1958; 
Tabakin and Hanson, 1965; e t c . ) .  In  the  prone pos i t i on ,  t h e  venous 
in f lux  of blood t o  t h e  h e a r t  i n  test  sub jec t s  increases  i n  connection with 
t h e  decreasing inf luence of  hydros t a t i c  f ac to r s .  

A number of authors  have a l s o  

The da ta  of  var ious i n v e s t i g a t o r s  on t h e  absolute  value of s y s t o l i c  
output of  a t h l e t e s  a t  r e s t  vary considerably.  
was noted above, from s p e c i f i c s  of t h e  methods used, t h e  groups of t e s t  
subjec ts  used, e t c .  For example, Mellerowicz (1956), Reindell ,  Delius 
(1948), Berger and Olloz (1935), who used physical  methods f o r  measurement of 
the  volume pe r  bea t ,  discovered a moderate decrease i n  t h i s  quan t i ty  f o r  
a t h l e t e s .  Approximately t h e  same r e s u l t s  were produced by Barcrof t  ( c i t e d  by 
Mellerowicz, 1956), Krogh (1956), Christensen (1931, 1933), V. N.  Kuz'mina 
(1959), who used gas ana ly t i c  methods. 

These d i f f e rences  r e s u l t ,  as 

A t  t he  same time, according t o  t h e  da t a  of Ye. A. Poruchikov (1963), 
B. S. Parnov (1958), T. E. Karu (1966) (mechanocardiography), G .  I .  Markov- 
skaya (1955) (acetylene method), Tabakin and Hanson (1965) (dye d i l u t i o n  
method), t h e  mean values  of volume p e r  bea t  i n  a t h l e t e s  a r e  somewhat higher  
than i n  untrained persons. V. S. Fa r fe l '  (1960) considers t h a t  with c l e a r  
bradycardia,  t h e  volume pe r  bea t  increases  t o  100-120 mR. Generally,  
according t o  t h e  opinion of t he  overwhelming major i ty  of i nves t iga to r s ,  t he  
increase  i n  absolute  volume per  bea t  i n  a t h l e t e s  i s  r e l a t e d  t o  a decrease i n  
the  pulse  r a t e .  A s  a r u l e ,  t he  s y s t o l i c  index increases  i n  t h i s  case.  

/18 

However, i t  might be assumed t h a t  with i d e n t i c a l  card iac  rhythm, i n  
connection t o  re inforced  negat ive ino t rop ic  e f f e c t s  (V. Raab, 1959; 
Reindell ,  1943) the  s y s t o l i c  output of a t h l e t e s  a t  r e s t  i s  s l i g h t l y  l e s s  than 
equivalent  da t a  f o r  hea l thy  persons not involved i n  spo r t s .  
i n d i r e c t l y  ind ica ted  by t h e  increase  i n  r e s idua l  volume, which i s  consider- 
ab ly  higher  f o r  sportsmen than f o r  untrained persons (Klepzig, 1955). 
Inc identa l ly ,  these  considerat ions are highly debatable.  

This has been 

Blood c i r cu la t ion  volume per minute. In heal thy,  untrained persons,  t he  
blood c i r c u l a t i o n  volume pe r  minute va r i e s  between 3-6.5 R/min. 
i s  c lose ly  r e l a t e d  t o  the  a rea  of body sur face .  The card iac  index ( r a t i o  of 
volume pe r  minute t o  body su r face  area)  evens out  d i f fe rences  i n  blood volume 
p e r  minute f o r  persons with considerable  cons t i t u t iona l  d i f fe rences .  Thus, 
according t o  the  da ta  of most i nves t iga to r s ,  using t h e  F r i c  d i r e c t  method 
and ind ica to r  d i l u t i o n  methods, t he  normal l i m i t s  of f l uc tua t ion  o f  card iac  
index amount t o  3-4 R/min/m2. 

This value 

The blood volume p e r  minute changes l i t t l e  when t h e  pos i t i on  of  t h e  body 
The decrease i n  volume p e r  beat  observed i n  t h e  o r t h o s t a t i c  t e s t  is  changed. 

is  compensated f o r  by an increase  i n  pulse  frequency. 
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There are indica t ions  t h a t  t he  volume per  minute depends on age, sex,  
temperature of  t h e  surrounding a i r  and ce r t a in  o ther  f ac to r s .  

The opinion has been f i rmly  s t a t e d  i n  the  spec ia l ized  l i t e r a t u r e  t h a t  
low values of  blood volume pe r  minute are c h a r a c t e r i s t i c  f o r  a t h l e t e s  a t  
rest. However, even a supe r f i c i a l  ana lys i s  i nd ica t e s  t h a t  t h i s  type of d a t a  
were produced by inves t iga t ing  a t h l e t e s  t r a ined  pr imar i ly  f o r  endurance ( the 
card iac  a c t i v i t y  of which shows c l e a r l y  expressed negat ive chronotropic and 
ino t ropic  influences) . For example, Mellerowicz (1956) discovered t h a t  t he  
blood volume pe r  minute of 107 middle- and long-distance runners averaged 
2.74 R/min ( f o r  untrained persons he found 4 . 8  !L/min). 
and Delius (1949), t h e  mean blood volume per  minute f o r  19 s t aye r s  was 
2.61 R/min. These authors used the  Bremser-Ranke method. 

According t o  Reindell 

V .  N .  Kuz'mina (1954) who used t h e  Parin-Khrenov modification of t he  
acetylene method noted a dependence.of blood volume per  minute on hea r t  s ize .  
In  the  f i rs t ,  second and t h i r d  va r i an t s  of "sports hear t"  (according t o  the  
c l a s s i f i c a t i o n s  of S.  P.  Letunov and R. Ye. Motylyanskaya, 1951), t h e  volume 

index was 1.69, 1.92 and 2 . 2 2  R/min/m2 respec t ive ly  ( i . e .  considerably lower 
than t h a t  of untrained persons).  
V. N .  Kuz'mina competed i n  l i g h t  a t h l e t i c s  and sk i ing .  

pe r  minute was approximately 2.76, 3.56 and 4.19 R/min, while t he  cardiac / 19 - 
Most of t he  a t h l e t e s  inves t iga ted  by 

The decrease i n  the  volume per  minute a t  rest under the  inf luence of 
many years  in tens ive  t r a i n i n g  f o r  long-aistance runners was noted by Tabakin 
and Hanson (1965). A decrease i n  volume pe r  minute under 
spo r t s  t r a in ing  (pr imari ly  f o r  endurance) was a l so  ind ica ted  by V. Raab 
(1959), Mitchell  e t  a l .  (1963), Astrand e t  a l .  (1964), Bevegard (1964), 
S a l t i n  (1964), S t randel l  (1964), Col le t  and L i l j e s t r and  (1924) , e tc .  

t he  influence of 

The decrease i n  t h e  blood volume per  minute a t  r e s t  under t h e  inf luence 
of  t r a in ing  f o r  endurance has been indicated by many experimental invest iga-  
t i ons  on animals. 
usua l ly  observed (sometimes almost dividing t h e  frequency i n  h a l f  i n  
comparison with the  i n i t i a l  rhythm), p lus  a moderate increase  i n  t h e  volume 
per  bea t .  

A sharp decrease i n  the  frequency of contract ions i s  

A decrease i n  t h e  volume per  minute a t  r e s t  i n  moderate, long and 
superlong-distance runners, sk i e r s ,  swimmers and o ther  a t h l e t e s  whose 
s p e c i a l t i e s  involve t h e  development of endurance, i n  addi t ion to brady- 
card ia ,  hypotonia, increased res idua l  blood volume at  rest is one of  t h e  
most important f a c t o r s  providing high funct ional  reserves  f o r  the  "sports 
hear t . "  
(Mellerowicz, 1956). 

The bas i s  of these  changes i s  the  so-cal led "pr inciple  o f  economy" 

Information on the  dynamics of t h e  volume per  minute under the  inf luence 
of t r a i n i n g  t o  develop speed, s t rength ,  coordination of movements, e tc .  i s  
r e l a t i v e l y  lacking. V. V. Skryabin (1950) and A. N .  Voroblyev (1962) found 
no essential  deviat ions i n  the  value of volume pe r  minute a t  r e s t  f o r  weight 
l i f te rs  i n  comparison with t h e  normal values .  The same th ing  was noted by 
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A. V. Ionina (1939) i n  gymnasts and by T. E .  Karu (1966) f o r  baske tba l l  
p layers .  

The p r inc ipa l  funct ion of  t he  c i r cu la to ry  apparatus i s  t h e  movement of 
blood. This makes understandable t h e  tendency t o  charac te r ize  i t s  func t iona l  
s t a t e  by def in ing  the  time (or rate i n  t h e  terminology of  c e r t a i n  authors)  of  
blood flow. Attempts t o  determine t h e  func t iona l  s t a t e  of t h e  c i r c u l a t o r y  
apparatus by t h e  time required f o r  blood t o  flow through t h e  ves se l s  of  t h e  
systemic c i r cu la t ion  have been unsuccessful.  The time required f o r  blood t o  
move through any ind iv idua l  loop of t he  systemic c i r c u l a t i o n  depends on many 
f a c t o r s ,  among which we must note  t h e  func t iona l  a c t i v i t y  of  t h e  organ i n  
question, nervous inf luences,  t h e  i n t e n s i t y  of metabolism, surrounding 
temperature, e t c .  Obviously, t h e  t i m e  of blood flow through indiv idua l  loops 
of t h e  systemic c i r c u l a t i o n  may d i f f e r  q u i t e  markedly from t h e  mean time o f  
movement of blood from t h e  lef t  v e n t r i c l e  t o  the  r i g h t  atrium. 

The time required f o r  blood t o  move through the  vesse ls  of  t h e  
r e sp i r a to ry  c i r c u l a t i o n  r e f l e c t s  t h e  mean c i r c u l a t i o n  time somewhat more 
accurately.  
s t a t e  of  t he  c i r c u l a t o r y  apparatus as a whole. 

This allows t h i s  quan t i ty  t o  be used t o  evaluate  t h e  func t iona l  

The quant i ty  of  blood located a t  any given moment i n  the  r e sp i r a to ry  
c i r cu la t ion  ( cen t r a l  blood volume) va r i e s  i n  correspondence t o  changes i n  the  
blood volume pe r  minute. 
blood moving through t h e  r e sp i r a to ry  c i r c u l a t i o n  i s  t h e  blood flow r a t e .  
a l e s s e r  ex ten t ,  t h e  c e n t r a l  blood volume a l s o  depends on the  t o t a l  c ross  
sec t ion  of  pulmonary c a p i l l a r i e s .  In con t r a s t  t o  t h e  severa l  va r i an t s  of 
per iphera l  loops i n  the  systemic c i r c u l a t i o n ,  t h e  lengths  of individual  
loops i n  r e sp i r a to ry  c i r c u l a t i o n  d i f f e r  r e l a t i v e l y  l i t t l e  from each o the r .  
From t h i s  it follows t h a t  t h e  time of movement of  blood through the  var ious 
ves se l s  o f  t h e  r e sp i r a to ry  c i r c u l a t i o n  f luc tua te s  over r e l a t i v e l y  small 
l i m i t s .  

The p r inc ipa l  f a c t o r  determining the  quant i ty  of  
To 

A l l  of  t h i s  gives  us  reason t o  be l ieve  t h a t  t he  determination of time of 
movement of blood through t h e  r e sp i r a to ry  c i r c u l a t i o n  can provide valuable  
information concerning t h e  func t iona l  s t a t e  of  t h e  e n t i r e  c i r cu la to ry  
apparatus.  

Most f requent ly ,  t h e  blood flow time i s  determined over t h e  s e c t o r  
lungs-ear,  which includes sec to r s  of both r e sp i r a to ry  and systemic c i r cu la -  
t i o n .  Thus, t he  time required f o r  blood t o  move over t h i s  s e c t o r  does not  
r e f l e c t  t he  mean time of c i r cu la t ion .  However, methodological approaches f o r  
measurement of t he  time of c i r c u l a t i o n  over t h e  lung-ear s e c t o r  a r e  most 
convenient. 

Analysis o f  da t a  on t h e  c i r c u l a t i o n  time from t h e  l i t e r a t u r e  ind ica t e s  
As t h a t  t he  r e s u l t s  of  var ious inves t iga to r s  a r e  f requent ly  contradictory.  

A. G.  Dembo (1963) showed, t h e  v a r i a b i l i t y  o f . t h e  r e s u l t s  depends on sex,  age 
of t e s t  sub jec t s  and, most f requent ly ,  on inves t iga t ion  method used. Even 
with d i f f e r e n t  v a r i a n t s  of t h e  oxyhemometric method (bloodless method, 
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allowing repeated measurements t o  be performed) q u a n t i t i e s  were produced 
which d i f f e r e d  from each o the r  q u i t e  e s s e n t i a l l y .  A. G .  Dembo (1963) 
e s t ab l i shed  t h a t  t h e  most s t a b l e  r e s u l t s  were s t i l l  produced by using t h e  
oxyhemometric methods i n  which, a f t e r  prel iminary reduct ion of  t h e  
s a t u r a t i o n  of  arterial  blood with oxygen, achieved by delaying r e s p i r a t i o n ,  
t h e  c i r c u l a t o r y  time i s  determined from t h e  beginning o f  t he  increase  i n  
sa tu ra t ion  a f t e r  i nha la t ion .  

The blood flow t i m e  (over t h e  s e c t o r  lungs-ear) increases  with age, 
averaging 4.03 sec  f o r  ch i ldren  of 10-13 years ,  and 7.30 sec  f o r  a d u l t s  of  
50-60 years  (A. M. Tyurin, 1961). For highly  t r a i n e d  a t h l e t e s ,  t he  blood 
flow time over th'is s e c t o r  w a s  s t a t i s t i c a l l y  s i g n i f i c a n t l y  increased i n  
comparison with t h e  da t a  of untrained persons (6.30 sec  as against  5.50 sec ) .  
The slowdown i n  blood flow i n  a t h l e t e s  apparent ly  r e s u l t s  from a decrease i n  
the  l eve l  of  metabolism a t  rest r e l a t e d  t o  t h e  predominance of sympathetic- 
i nh ib i to ry  and chol inerg ic  inf luences.  

- 

/ 2 1  - 

The f a c t  discovered by F r i c  (1957) and A. M. Tyurin (1961) of a l t e r e d  

I t  has been found 
This once more 

blood flow time i n  correspondence with t h e  s t a t e  o f  t r a i n i n g  i s  of  important 
s ign i f icance  f o r  s p o r t s  medicine and spor t s  physiology. 
t h a t  with increas ing  t r a in ing ,  blood flow becomes slower. 
confirms the  s ign i f i cance  of i nves t iga t ion  of  t he  blood flow time f o r  an 

' eva lua t ion  of t h e  func t iona l  s ta te  of t he  c i r c u l a t o r y  apparatus.  

A measurement of t he  mass of  c i r c u l a t i n g  blood i s  a l s o  q u i t e  important 
f o r  determination of  t he  func t iona l  state of  t he  c i r c u l a t o r y  apparatus.  
quant i ty  of blood c i r c u l a t i n g  v a r i e s  over broad l i m i t s  as a funct ion of 
physiological  and pa thologica l  inf luences.  
mass of  c i r c u l a t i n g  blood i s  achieved by adding t o  or subt rac t ing  from t h e  
blood depot. 
r e f l e c t e d  not  so  much by t h e  absolute  quant i ty  of blood c i r c u l a t i n g  a s  by 
t h e  a b i l i t y  t o  increase  and decrease it under var ious condi t ions.  

The 

A decrease or increase  i n  t h e  

The func t iona l  a b i l i t y  of t h e  c i r c u l a t o r y  apparatus i s  

We found no information on t h e  volume of c i r c u l a t i n g  blood i n  a t h l e t e s  
i n  the  ava i l ab le  l i t e r a t u r e .  
minute and blood flow time allow u s  t o  conclude t h a t  i n  a t h l e t e s  a t  r e s t  t h e  
quant i ty  of c i r c u l a t i n g  blood is s l i g h t l y  decreased, while during muscular 
work it is  increased i n  comparison with t h a t  of untrained persons.  

However, ana lys i s  of  da t a  on t h e  volume per  

According t o  the  w e l l  
blood can be determined as 

known Vierordt 
follows : 

v,,, . c Q=---, 
? 

formula, t h e  mass of c i r c u l a t i n g  
. . . .  

where Vm is t h e  blood volume p e r  minute, C i s  the  mean blood flow time. This 

formula c l e a r l y  demonstrates t h e  i n t e r r e l a t i o n s h i p  of  a l l  t h ree  hemodynamic 
. .  
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i nd ica to r s ,  t h e  importance of each one i n  an evaluat ion of t h e  a c t i v i t y  of 
t he  c i r c u l a t o r y  apparatus.  

In t racard iac  and Ar te r i a l  Pressure 

The dynamics of i n t r a c a r d i a c  pressure  during the  card iac  cycle  i s  
r e l a t e d  t o  t h e  cont rac t ion  and r e l axa t ion  of  t he  myocardium. 
developed i n  t h e  atriums i s  s l i g h t ,  s ince  blood from the  atriums moves i n t o  
the  relaxed v e n t r i c l e s .  Higher pressure  i s  developed i n  t h e  r i g h t  v e n t r i c l e ,  
which must overcome the  r e s i s t a n c e  of t h e  r e sp i r a to ry  c i r c u l a t i o n .  
t h e  highest  p ressure  i s  developed i n  the  l e f t  v e n t r i c l e ,  s ince  t h e  r e s i s t ance  
of  t h e  systemic c i r c u l a t i o n  i s  considerably higher  than t h a t  of t h e  
r e sp i r a to ry  c i r c u l a t i o n .  

The pressure  

However, 

The pressure  i n  the  v e n t r i c l e s  begins t o  decrease before  t h e  cont rac t ive  
process i n  t h e  myocardium i s  completed, during the  phase of  reduced output .  
By the  end of t h e  d i a s t o l e  the  pressure  i n  t h e  v e n t r i c l e s  i s  3-7 mm Hg. 
range of f luc tua t ions  of  pressure  i n  the  a r t e r i a l  lumen i s  not  so  g r e a t :  t he  
d i a s t o l i c  pressure  i n  the  a r t e r i e s  i s  SO-70% of the  s y s t o l i c  pressure .  
Fluctuat ions i n  a r t e r i a l  p ressure  during constant  cardiac a c t i v i t y  depend on 
t h e  e l a s t i c i t y  of t he  walls of t h e  a r t e r i e s  and the  value o f  per iphera l  
r e s i s t ance .  

/22 
The 

In t racard iac  pressure  i n  the  sportsman has been s tudied  very l i t t l e .  
Reindell  e t  a l .  (1960) found no d i f fe rences  i n  the  pressure  i n  the  r i g h t  
sec t ions  of t he  hea r t  from the  values  observed i n  untrained persons. Thus, 
t h e  f i n a l  d i a s t o l i c  pressure  i n  a t h l e t e s  i n  t h e  r i g h t  a t ruimwere 3 mm Hg, i n  
t h e  r i g h t  v e n t r i c l e  3 mm Hg, i n  t h e  pulmonary a r t e r y  -- 14 mm Hg. Also, no 
quan t i t a t ive  d i f fe rences  were discovered from normal values  of  i n t r aca rd iac  
pressure  by Granath and S t r ende l l  (1963), who inves t iga ted  a group of t r a ined  
young people i n  addi t ion  t o  mature people. 

A r t e r i a l  p ressure  i n  a t h l e t e s  has been considerably more thoroughly 
s tudied. .  We should note  a t  t h i s  time t h a t  i n  the  overwhelming majori ty  of 
works dedicated t o  ana lys i s  of  a r t e r i a l  p ressure  the  Korotkov auscu l t a t ive  
method was used which, as w i l l  be shown i n  subsequent chapters ,  has c e r t a i n  
l imi t a t ions  i n  s tud ie s  of ar ter ia l  pressure  where c e r t a i n  per turba t ions  a r e  
present .  However, under condi t ions of physical  and mental r e s t ,  t he  
Korotkov method i s  r a t h e r  p rec i se .  

The value of arterial  pressure  increases  with age. However, whereas f o r  
people who a r e  not  i nvo lved , in  spo r t s  t h e  increase  i n  s y s t o l i c  and, t o  a 
l e s s e r  ex ten t ,  d i a s t o l i c  pressure  i s  observed throughout l i f e ,  i n  a t h l e t e s  
t h i s  increase  is  noted only during youth (Table 2). Athletes  between 2 1  and 
50 years  of age show no e s s e n t i a l  changes i n  a r t e r i a l  p ressure  (R. Ye. Moty- 
lyanskaya, 1956; N .  D. Grayevskaya, 1960). R. Ye. Motylyanskaya (1956) 
notes  t h a t  young a t h l e t e s  with good physical  development r e l a t i v e l y  f r e -  
quently show high s y s t o l i c  pressure ,  exceeding the  normal values  ( the  
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so-ca l led  young hypertension) .  
e l iminated by cor rec t ing  t h e  t r a i n i n g  regimen. 

Usually t h i s  increase  i n  pressure  i s  

A. G. Dembo (1965), N. I .  Volnov (1958), M. Y a .  Levin (1965) and o thers  
have ind ica ted  t h a t  t h e  arterial pressure  of  a t h l e t e s  l ies  within t h e  l i m i t s  
of normal values i n  approximately 75% of a l l  observat ions,  while increased 
and decreased pressures  are observed with almost i d e n t i c a l  frequency. 
However, i n  h ighly  t r a i n e d  a t h l e t e s ,  high arterial  pressure  i s  observed 
s i g n i f i c a n t l y  l e s s  f requent ly  than  hypotension. 

With increas ing  s t a t e  of t r a i n i n g ,  a decrease i n  a r t e r i a l  p ressure  i s  
noted i n  a t h l e t e s  (S. P. Letunov, R. Ye. Motylyanskaya, 1951; A. G. Dembo, 
1965; M. Ya. Levin, 1965; Yu. I .  Kuznetsov, 1958; etc.) .  However, t h i s ' d o e s  
not  mean t h a t  a l l  hypotension observed i n  a t h l e t e s  i s  physiological  i n  
na ture .  According t o  t h e  da t a  of A. G.  Dembo and M. Ya. Levin (1965), 
physiological  hypotension i n  a t h l e t e s  was found i n  only 32.3% of t h e  cases.  
In  t h e  remaining observat ions,  t he  hypotension was a r e s u l t  of a chronic 
cen te r  of i n fec t ion ,  over fa t igue ,  neuroc i rcu la tory  dystonia ,  e t c .  ( f o r  more 
d e t a i l e d  information on secondary changes i n  pressure  i n  a t h l e t e s ,  see 
Chapter X I ) .  c 

/24 - 

In masters of s p o r t s ,  physiological  hypotension was encountered, 
according t o  t h e  d a t a  of M. Ya. Levin (1965) i n  41.3% of  observat ions,  
whereas second and t h i r d  rank a t h l e t e s  showed t h i s ' c o n d i t i o n  i n  only 
18.5% of cases.  Low .values of a r t e r i a l  p ressure  a r e  p a r t i c u l a r l y  f requent ly  
observed i n  middle-, long- and superlong-distance runners,  s k i e r s ,  swimmers, 
b i c y c l i s t s ,  i . e . ,  a t h l e t e s  s p e c i a l l y  t r a i n e d  f o r  endurance. 

The decrease i n  a r t e r i a l  p ressure  accompanying t h e  development of  
endurance r e s u l t s  from a decrease i n  the  l e v e l  of  metabolism and r e s t ,  
r e l a t e d  t o  a reinforcement of chol inerg ic  inf luences  and an increase  i n  t h e  
tone of  t h e  vagus nerve. 

The regula t ion  of  arterial  pressure  is a complex and f a r  from completely 
understood problem of modern physiology. According t o  t h e  representa t ions  of 
V. M. Khayutin (1965), we can speak of  t h r e e  degrees of regula t ion  of  
a r t e r i a l  pressure.  These include regula t ion  a t  t he  organic  l eve l ,  regula t ion  
of t h e  constancy of o v e r a l l  systemic r e s i s t a n c e  with changing regional  
r e s i s t a n c e  and regula t ion  by exc i t a t ion .  In  the  las t  case,  t h e  optimal 
operat ing regime of the  h e a r t ,  i n  which it would pump the  volume of  blood 
required by t h e  organs with t h e  l e a s t  poss ib l e  load, i s  e s t ab l i shed  by 
matching the  values  of t o t a l  systemic r e s i s t a n c e ,  degree of emptying of  t h e  
h e a r t  and hear tbea t  frequency. Mechanoreceptors provide t h e  necessary 
information, which i s  converted by changing t h e  'operating c h a r a c t e r i s t i c s  of 
regula t ion .  This i s  t h e  t h i r d ,  optimizing system of  regula t ion  according t o  
V. M. Khayutin. 
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Dynamics o f  Cardiac Contraction 

In  addi t ion  t o  determining t h e  value of  mean output and a r t e r i a l  
pressure,  i n  order  t o  eva lua te  t h e  con t r ac t ive  capac i ty  o f  t h e  myocardium we 
must s tudy t h e  dynamics o f  t he  card iac  contract ion.  

hea r t  -- allows us  t o  d iv ide  t h e  card iac  cycle  i n t o  individual  phases. 

In  correspondence with t h e  ideas  of  Hurthle (1891) and Wiggers (1921), 
supplemented by Holldack (1951) and V. L. Karpman (1964), t he  card iac  cyc le  
cons i s t s  of 11 phases,  of  which f i v e  a r e  s y s t o l i c  and s i x  a r e  d i a s t o l i c  ' 

(a s impl i f ied  diagram i s  presented i n  Chapter IV). The s y s t o l i c  phases 
include the  phases o f  asynchronous and i sometr ic  cont rac t ion  ( t h e i r  t o t a l  
length corresponds t o  t h e  length of  t he  per iod of s t r e s s ) ,  t h e  protosphygmic 
i n t e h a l  ( the  t r a n s i t i o n a l  in te rphase  s t a t e ) ,  t h e  phases of maximum and 
reduced expulsion (adding up t o  t h e  expulsion pe r iod ) .  Thus, t he  t o t a l  
s y s t o l e  can be charac te r ized  as a por t ion  of t h e  card iac  cycle  during which 
t h e  con t r ac t ive  process occurs i n  t h e  myocardium. The mechanical sys to l e  i s  
t h e  summary length of t h e  phases o f  i some t r i c . con t r ac t ion  and the  per iod o f  
expulsion. 

Analysis of  t h e  a c t i v i t y  
of t h e  v e n t r i c l e s  -- t h e  p r i n c i p a l  func t iona l  por t ion  of  t h e  cont rac t ing  - /25 

During t h e  mechanical sys to l e ,  high pressure  i s  maintained within the  
v e n t r i c l e s  ( f o r  more d e t a i l s  concerning the  norms of  phase lengths  i n  t h e  
s y s t o l e  of t h e  lef t  v e n t r i c l e  and t h e  s p e c i f i c s  of  t he  phase s t r u c t u r e  of t h e  
card iac  cycle  i n  a t h l e t e s ,  see  Chapter I V ) .  

The most widespread method of  i nves t iga t ion  of t h e  phase s t r u c t u r e  of  
t h e  card iac  cyc le  is polycardiography (synchronous recording o f  e l e c t r o -  
cardiogram, phonocardiogram and sphygmogram i n  t h e  c a r o t i d  a r t e ry )  which, 
l i k e  i n d i r e c t  methods, allows only ana lys i s  of t h e  dynamics o f  t he  l e f t  
v e n t r i c l e .  

The t i m e  c h a r a c t e r i s t i c s  of t h e  con t r ac t ive  a c t i v i t y  of  t h e  r i g h t  and 
Whereas t h e  beginning of t he  cont rac t ive  l e f t  v e n t r i c l e s  d i f f e r  s l i g h t l y .  

process i n  the  two v e n t r i c l e s  i s  p r a c t i c a l l y  snychronous, t he  increase  i n  
pressure  i n  t h e  l e f t  v e n t r i c l e  begins e a r l i e r  than i n  the  r i g h t  v e n t r i c l e  
( the  mitral valve . c loses  before  the  t r i c u s p i d  valve) as a r e s u l t  of which 
t h e  asynchronous cont rac t ion  of t h e  r i g h t  v e n t r i c l e  i s  longer than t h a t  of 
t he  l e f t  v e n t r i c l e .  
which means t h a t  t h e  phase of i somet r ic  cont rac t ion  of the  r i g h t  v e n t r i c l e  i s  
s h o r t e r  than t h a t  of t h e  l e f t  v e n t r i c l e .  Since under normal condi t ions the  
a o r t a l  valve c loses  before  t h e  pulmonary valve,  while t h e  length of t h e  
p ro tod ia s to l i c  i n t e r v a l  i n  both v e n t r i c l e s  i s  p r a c t i c a l l y  t h e  same, the  
expulsion of  blood from t h e  r i g h t  v e n t r i c l e  r equ i r e s  more time than from t h e  
l e f t .  Due t o  t h i s ,  t he  durat ion of t h e  t o t a l  s y s t o l e  of  t h e  l e f t  v e n t r i c l e  
i s  0.02-0.05 sec  s h o r t e r  than t h a t  of t he  r i g h t .  
durat ion of  t h e  phases of  i somet r ic  re laxa t ion ,  r ap id  and slow f i l l i n g  a r e  
sho r t  ( i n  comparison t o  t h e  l e f t  v e n t r i c l e ) .  
artium begins before  t n a t  of  t h e  l e f t .  

The pulmonary valve opens before  t h e  a o r t a l  valve,  

In  the  r i g h t  v e n t r i c l e ,  t he  

The s y s t o l e  of t he  r i g h t  
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The length o f  t h e  phases o f  t h e  ca rd iac  cycle i s  determined by t h e  
i n t e r a c t i o n  of many f a c t o r s .  

Thus, t h e  durat ion of t h e  phase of asynchronous contract ion1 i s  d e t e r -  /26 - 
mined by t h e  f i l l i n g  pressure,  changes in  t h e  tone o f  t h e  h e a r t ,  r e s u l t i n g  
from nervous inf luences,  t h e  i n t e n s i t y  o f  metabolic processes i n  t h e  myo- 
cardium, r egu la t ing  t h e  rate o f  propagation of depolar izat ion and t h e  value 
of  electromechanical la tency i n  each contract ing element and, possibly,  by 
t h e  degree o f  hypertrophy o f  t h e  myocardium (Blumberger, 1940; V. L .  Karp- 
man, 1964; I. N. Ivanitskaya, 1965; V. N. Brikker, 1965; e t c . ) .  The i n t e r -  
act ion o f  t hese  f a c t o r s  i n  a t h l e t e s  determines t h e  moderate lengthening o f  
t h i s  phase a t  res t .  
t h e  opinion o f  t h e  overwhelming majori ty  of i nves t iga to r s ,  does not  depend on 
t h e  ca rd iac  rhythm. However, A. D. Butkov (1965) discovered t h a t  when the  
pulse  frequency w a s  sharply decreased i n  a t h l e t e s  (28-36 bea t s  p e r  minute) 
t h e  length o f  t h e  phase of asynchronous contract ion was s t a t i s t i c a l l y  
r e l i a b l y  lengthened i n  comparison with values observed with normal h e a r t  
rhythm. 
more widely var ied.  Thus, volume loading leads t o  a shortening of  t he  length 
o f  t h i s  phase. On the  o the r  hand, underloading leads  t o  a lengthening of t he  
isometric contract ion.  Thus, a change i n  venous in f lux  of blood t o  t h e  
hea r t  inf luences t h e  durat ion of t h i s  phase (Wiggers, 1921; V.  L. Karpman, 
I .  N .  Ivanitskaya, L. A. Io f f e ,  Yu. K.  Shkhvatsabaya, 1965; e t c . ) .  The 
durat ion of t h e  phase depends e s s e n t i a l l y  on t h e  f i n a l  d i a s t o l i c  pressure i n  
t h e  p r i n c i p a l  ves se l s .  An i nc rease  i n  pressure i n  t h e  pulmonary a r t e r y  and 
an increase i n  pulmonary a r t e r y  r e s i s t a n c e  leads  t o  a lengthening of t h e  
phase o f  isometr ic  contract ion of  t h e  r i g h t  v e n t r i c l e  (V. L. Karpman, 
V. S.  Savel'yev, 1960), while a lengthening o f  t h e  isometr ic  contract ion of 
t h e  l e f t  v e n t r i c l e  r e s u l t s  from corresponding changes i n  t h e  systemic 
c i r c u l a t i o n  (Wiggers, 1921; Blumberger, 1940; V. L .  Karpman,,l961). There i s  
a weak c o r r e l a t i o n  between t h e  length of t h i s  phase and t h e  pulse  frequency 
(as t h e  pulse  rhythm increases ,  t h e  length o f  t h e  phase i s  shortened).  
Predominance of  adrenergic influences shortens t h e  phase, while chol inergic  
influences lengthen it. 

4 

The length o f  t h e  phase of asynchronous contract ion,  i n  

The determinants of phase length of isometr ic  contract ion were even 

In  h i s  spkcial inves t iga t ions ,  Blumberger (1957, 1958) showed t h a t  t h e  
duration o f  t h e  phase of  isometr ic  contract ion was determined by the  degree 
of p r e s y s t o l i c  stress o f  t h e  myocardium, i t s  c o n t r a c t a b i l i t y ,  t he  pressure 
gradient  i n  t h e  ven t r i c l e -ao r t a  system a t  the  end of t h e  d i a s t o l e ,  as well as 
the  ino t rop ic  inf luences on t h e  myocardium. 
mechanisms whose i n t e r a c t i o n  determines t h e  length of t h e  phase of isometr ic  
contract ion are shown on t h e  diagram below. 

Modern concepts concerning t h e  

The peTiod of  c h a 3 s T r - r -  
conversion, etc.,  i n  t h e  terminology of var ious authors.  Here and i n  t h e  
following w e  w i l l  use t h e  terminology o f  V. L. Karpman. 

2 1  
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As follows from t h i s  diagram, the  d i r e c t  determinants of t h e  length of 
isometr ic  contract ion are the  r a t e  of increase i n  i n t r a v e n t r i c u l a r  pressure  
(dP/dt = Vi) and the  pressure  gradient  i n  the  a o r t a  and v e n t r i c l e  a t  t h e  end 

of  t h e  d i a s t o l e  (Pd - Po). 

i s  c lose ly  r e l a t e d  t o  t h e  card iac  rhythm, decreasing as the  rhythm increases  
% and increasing as t h e  pu l se  r a t e  slows (Herkel, 1938; Blumberger, 1940; 
a V. L. Karpman, 1963; e t c . ) .  There i s  a l so  a dependence between the  durat ion 

o f  expulsion and t h e  s y s t o l i c  output:  
bea t ,  t he  longer i t s  expulsion requi res  (Blumberger, 1957; Gobbato and Meda, 
1956; e t c . ) .  Jones and Foster  (1964) a l s o  showed t h a t  t he  durat ion of t he  
per iod of expulsion was inf luenced by t h e  d i a s t o l i c  pressure.  They described 

s y s t o l i c  index ( S I ) ,  t h e  card iac  rhythm (R) and t h e  d i a s t o l i c  pressure  i n  t h e  
a o r t a  (Pd) as follows: 

". 
2 ,  

The durat ion of t h e  per iod of expulsion of  t h e  l e f t  and r i g h t  v e n t r i c l e s  
.i 

I ,  

the  higher  t he  volume of blood pe r  

t h e  dependence between the  dura t ion  of t h e  per iod o f  expulsion ( E ) ,  t h e  7 /28 

On the  bas i s  of f a c t o r i a l  ana lys i s ,  t he  authors  came t o  the  conclusion 
t h a t  t h e  p r inc ipa l  determinant of  t he  durat ion of t h e  expulsion period i s  
s t i l l  the  card iac  rhythm. 

The durat ion of t h e  d i a s t o l e  i s  pr imar i ly  determined by t h e  frequency o f  
card iac  cont rac t ions .  
l i t t l e  under physiological  condi t ions.  
t h e  r a t e  of  re laxa t ion  of  t h e  myocardium and the  r a t e  of blood flow from t h e  
main vesse ls .  
v e n t r i c l e s  depends on t h e  durat ion of the  p ro tod ia s to l e ,  the  pressure i n  the  
atrium and the  r a t e  of r e l axa t ion  of t he  myocardium. 

The durat ion of  r ap id  f i l l i n g  of  t he  v e n t r i c l e s  i s  pr imar i ly  r e l a t e d  t o  

The durat ion of the  p r o t o d i a s t o l i c  i n t e r v a l  v a r i e s  
I ts  f l u c t u a t i o n s  a r e  determined by 

The dura t ion  of  t he  phase of i somet r ic  r e l axa t ion  of t h e  

t h e  r e s i s t ance  t o  blood flow i n  the  a rea  of t h e  a t r i o v e n t r i c u l a r  aper tures  
and t h e  volume o f  t he  v e n t r i c u l a r  c a v i t i e s .  

The durat ion of  t he  phase of  slow f i l l i n g  of d the  v e n t r i c l e s  ( d i a s t a s i s )  
i s  c lose ly  cor re la ted  t o  t h e  card iac  rhythm: 
an increase  i n  pulse  frequency. During t h i s  phase, f i l l i n g  of t h e  v e n t r i c l e s  
i s  s l i g h t ,  which is  indica ted  by the  s l i g h t  change i n  dimensions of t h e  hea r t  
(V. L.  Karpman, V.  S .  Sinyakov, 1965) and increase  i n  pressure  i n  the  
atrium due t o  the  accumulation of  blood i n  them. 

it decreases  i n  proportion t o  

During t h e  s y s t o l e  of t he  atrium, Ifforced.. f i l l i n g  o r  t h e  ven t r i c l e s  
wi th  blood is  performed. 
atrium decreases as t h e  negat ive ino t ropic  inf luences a r e  re inforced and 
increases  under inf luence of adrenal ine.  

The hemodynamic e f f ec t iveness  of  t he  sys to l e  of t he  

23 
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The s p e c i f i c s  of  t h e  dynamics of  card iac  cont rac t ions  under var ious 
physiological  and pa thologica l  condi t ions r e f l e c t  changes i n  ex t racard iac  
f a c t o r s ,  t h e  a c t i v i t y  of t h e  v e n t r i c l e s  and t h e  s ta te  of  t he  con t r ac t ive  
funct ion of t h e  myocardium. 
study of t he 'phase  s t r u c t u r e  of  t h e  card iac  cycle ,  Blumberger (1942) f i rs t  
demonstrated t h e  s ign i f i cance  o f  phase ana lys i s  f o r  evaluat ion of t h e  
cont rac t ive  a c t i v i t y  o f  t h e  h e a r t  only i n  the  1940's. 
in t roduct ion  of phase ana lys i s  t o  c l i n i c a l  p rac t i ce .  

In  s p i t e  of t h e  more than 100 years  h i s t o r y  o f  

H i s  work aided i n  t h e  

Objective ana lys i s  o f  t h e  physiological  mechanisms determining the  
s p e c i f i c s  of card iac  cont rac t ion  under var ious condi t ions  was performed by 
V. L. Karpman (1964). He es tab l i shed  t h a t  when normal funct ioning i s  
d is rupted  and under t h e  inf luence  of  var ious phys io logica l  f ac to r s ,  f i v e  
c h a r a c t e r i s t i c  combinations of  changes i n  t h e  dura t ion  of cardiac cycle 
phases a r e  observed, which he represented as phase s h i f t  syndromes. Thus, 
f o r  t he  volume loaded phase syndrome, a shortening of t he  i somet r ic  contrac- 
t i o n  phase i s  c h a r a c t e r i s t i c ,  along with lengthening of  t h e  expulsion per iod,  - 
an increase i n  t h e  i n i t i a l  r a t e  of increase  of i n t r a v e n t r i c u l a r  pressure,  
i n t r a s y s t o l i c  index and mean r a t e  of  blood expulsion, and a decrease i n  t h e  
myocardial s t r e s s  index. 

, 

/29 

Under physiological  condi t ions,  volume loading i s  a r e s u l t  of an 
ihcrease  i n  venous r e t u r n  of blood t o  t h e  hea r t  
head downward pos i t i on ,  cessa t ion  of  s t r e s s ,  e t c . ) .  

( c l ino -o r thos t a t i c  t e s t ,  

Volume loading is  accompanied by development of compensatory card iac  
hyperfunction, leading t o  an increase  i n  card iac  output .  Reinforcement of 
t h e  card iac  cont rac t ion  i s  achieved by a c t i v i t y  of  t h e  Frank-Starling 
mechanism (cardiac heterometr ic  s e l f - r egu la t ion ) ,  during which t h e  myocardial 
stress increases  r e s u l t i n g  from an increase i n  p r e s y s t o l i c  extension of i t s  
f i b e r s  . 

Various forms of a r t e r i a l  hypertension a r e  accompanied by development of 
t he  phase syndrome o f  high d i a s t o l i c  pressure.  
i zed  by an increase  i n  t h e  phase o f  isometr ic  cont rac t ion ,  a tendency t o  
abbreviat ion o f  t h e  per iod  o f  expulsion, a lengthening of t h e  mechanical 
sys to l e ,  a decrease i n  i n t r a s y s t o l i c  index , .an  increase  i n  t h e  myocardial 
s t r e s s . i n d e x  and t h e  ra te  of  emptying of t h e  hea r t .  
t h e  h e a r t  t o  loading by an "e l a s t i c "  r e s i s t ance .  

This syndrome is  charac te r -  

This i s  t h e  reac t ion  of  

r 

During the  phase syndrome o f  s t enos i s  o f  t he  output channel of  t h e  
v e n t r i c l e  ( a o r t a l  or pulmonary s t e n o s i s ) ,  a shortening of  t h e  phase of 
i somet r ic  cont rac t ion  i s  observed, along with lengthening of t h e  period of  
expulsion and mechanical s y s t o l e ,  an increase  i n  t h e  i n i t i a l  r a t e  of i n t r a -  
v e n t r i c u l a r  pressure  r ise,  an increase  i n  i n t r a s y s t o l i c  index and a decrease 
i n  t h e  r a t e  of  blood expulsion. 
by a "hydraulic" r e s i s t ance .  

This i s  the  r eac t ion  of t he  hea r t  t o  loading 
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During r e s i s t a n c e  loading, compensatory hyperfunction a r i s e s ,  based on 
the  Anrep phenomenon (one of t h e  mechanisms of homeometric s e l f - r egu la t ion ) ,  
according t o  which the  myocardial s t r e s s  increases  i n  response t o  an increase  
i n  r e s i s t ance  t o  expulsion. 

The dynamics of t h e  card iac  cont rac t ion  during these  syndromes is  
determined by changes i n  hydrodynamic operat ing regime of the  h e a r t .  

The c h a r a c t e r i s t i c  changes i n  t h e  phase s t r u c t u r e  of t he  card iac  cycle  
a r e  observed upon changes i n  regula tory  ino t rop ic  inf luences and d is rupt ion  
of  t h e  con t r ac t ive  funct ion of t h e  myocardium. Thus, muscular work, 
emotional s t r e s s  and c e r t a i n  pathological  condi t ions ( thyro toxicos is ,  high 
temperature,  a s soc ia t ive  and r e s idua l  hyperfunction, e t c . )  lead t o  re inforce-  
ment of card iac  cont rac t ions .  This reinforcement i s  an e s s e n t i a l  p a r t  of t he  
phase syndrome of  myocardial hyperdynamia, f o r  which a shortening of  t h e  
phase of  isometr ic  cont rac t ion ,  t h e  expulsion per iod and mechanical s y s t o l e  
and an increase  i n  i n t r a s y s t o l i c  index, i n i t i a l  r a t e  of i n t r a v e n t r i c u l a r  
pressure  r i s e  and r a t e  of  blood expulsion a r e  c h a r a c t e r i s t i c .  The power of 
t h e  card iac  cont rac t ion  i s  increased during t h i s  syndrome by p o s i t i v e  ino- 
tropy of  the  myocardial nervous s t imula t ion .  This same e f f e c t  i s  achieved 
when catecholamines, card iac  glycosides and c e r t a i n  o the r  humoral agents a c t  
on the  myocardium. 

/30 

When the  power of t he  card iac  cont rac t ion  i s  decreased, t he  phase 
syndrome of myocardial hypodynamia a r i s e s :  
isometr ic  contraction.,  shortening of  t h e  per iod of expulsion and sometimes of  
t he  mechanical sys to l e ,  a reduct ion i n  t h e  i n i t i a l  r a t e  of i n t r a v e n t r i c u l a r  
pressure  rise, a decrease i n  i n t r a g y s t o l i c  index and an increase  i n  the  
myocardial s t r e s s  index. 

lengthening of  t he  phase of 

This syndrome i s  observed when t h e  con t r ac t ive  capaci ty  of the  myo- 
cardium i s  decreased, while ex t racard iac  condi t ions remain unchanged. 

In  case of i n s u f f i c i e n t  f i l l i n g  of the  v e n t r i c l e s  with blood, func t iona l  
hypodynamia a r i s e s  (for example, during the  Valsalva experiment, t h e  
o r t h o s t a t i c  t e s t  or' i n  mitral s t e n o s i s ) .  

In highly t r a ined  a t h l e t e s  a t  r e s t ,  c h a r a c t e r i s t i c  s igns  of  t he  phase 
syndrome of myocardial hypodynamia a r e  observed. 
sympathet ic- inhibi tor  mechanisms and chol inerg ic  inf luences ,  an increase  i n  
the  c e n t r a l  tone  of  t h e  vagus nerve (V. Raab, 1959, 1963) lead  t o  a reduct ion 
i n  t h e  r a t e  of  i n t r a v e n t r i c u l a r  pressure  r i s e  and phase s h i f t  delays.  
t he  phase syndrome of  myocardial hypodynamia developes i n  a t h l e t e s  as a 
r e s u l t  of changes i n  t h e  regula t ion  of card iac  a c t i v i t y  r e l a t e d  t o  the  
e f f e c t s  of  systematic t r a in ing ,  while i n  c e r t a i n  p a t i e n t s ,  similar phase 
s h i f t s  r e s u l t  from dis rupt ion  of t h e  c o n t r a c t a b i l i t y  of t h e  myocardium. 

. d i s t i n c t i o n  is  important: 
provides high func t iona l  reserve  of t h e  myocardium. 

Reinforced a c t i v i t y  of  t h e  

Thus, 

This 
a change i n  regula tory  ac t ion  such as t h i s  
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Recently A. D. Butkov (1966) showed t h a t  during high t r a i n i n g  loads t h e  
s h i f t s  c h a r a c t e r i s t i c  f o r  t h e  myocardial hypodynamia phase syndrome are 
regular ly  supplemented by a lengthening of  t h e  period of  expulsion and 
disappearance of  t h e  electromechanical d i f fe rence  (duration of t h e  Q-T 
in t e rva l  and t o t a l  s y s t o l e  become p r a c t i c a l l y  i d e n t i c a l ,  while t h e  Q-T i n t e r -  
val  i s  usua l ly  0.02-0.04 sec longer).  
phase syndrome o f  acute  f a t i g u e  (A. D. Butkov, 1966), not included among 
those described by V. L. Karpman (1964). As t h e  funct ional  state o f  t h e  
myocardium is improved, t he  c h a r a c t e r i s t i c s  o f  acute  f a t igue  disappear and 
t h e  chronocardiogram of a t h l e t e s  once more takes  on f ea tu res  o f  t h e  phase 
syndrome of myocardial hypodynamia. 
s ignif icance f o r  ob jec t ive  cont ro l  of t h e  t r a i n i n g  process.  

These changes are s p e c i f i c  f o r  t h e  

These facts are of considerable 

A c e r t a i n  a r b i t r a r i n e s s  i n  separat ing ind iv idua l  phase syndromes r e s u l t s  
from the  f a c t  t h a t  t he  c h a r a c t e r i s t i c  p i c t u r e  of var ious s h i f t s  may be - /31 
d i s t o r t e d  by compensatoryyadaptive r eac t ions  of t h e  c i r cu la to ry  apparatus. 
Atypical phase s h i f t s  may develop under condi t ions of  volume loading o r  
r e s i s t ance  loading when the  cont rac t ive  funct ion of  t h e  myocardium i s  
disrupted. However, f a i l u r e  of t h e  phase s t r u c t u r e  of t h e  card iac  cycle  ta 
correspond t o  t h e  expected changes is  important f o r  an objec t ive  evaluation 
of the  cont rac t ive  a c t i v i t y  o f  t h e  hea r t .  

Relationship o f  Elec t r ica l  and Mechanical Manifestations o f  Cardiac Act iv i ty  

The ana lys i s  of  electromechanical i n t e rac t ions  i n  the  hear t  as a whole 
i s  most f requent ly  performed on t h e  bas i s  o f  a comparison of t h e  e lec t ro-  
cardiogram and phonocardiogram. In addi t ion  t o  t h i s ,  t h e  electrocardiogram 
i s  compared t o  curves of pressure  i n  t h e  c a v i t i e s  of  t h e  hear t ,  curves of t h e  
ap ica l  shock, dynamocardiogram, electrocardiogram, curves of  t he  cen t r a l  
pulse ,  kinetocardiogram and o ther  curves r e f l e c t i n g  the  mechanical manifest-  
a t ions  of the  a c t i v i t y  o f  t he  hea r t .  

The t i m e  d i s soc ia t ion  between the  beginning of e l e c t r i c a l  and mechanical 
processes i n  t h e  hea r t  allows us  t o  d i s t ingu i sh  t h e  so-cal led e l ec t ro -  
mechanical la tency.  
( I .  N .  Ivanitskaya and V. L .  Karpman, 1966; e t c . ) .  I ts  f irst  form -- t h e  
electrokinematic l a t e n t  period -- re f lec ts  the  time from t h e  beginning of  t h e  
Q wave (beginning o f d e p o l a r i z a t i o n  of t h e  ven t r i c l e s )  t o  the  moment of f irst  
notable  manifestat ion of kinematics of t he  hear t ;  which, however, i s  s t i l l  
not accompanied by an increase i n  pressure i n  the  ven t r i c l e s .  
completion of t h i s  per iod corresponds t o  t h e  beginning of t he  low-frequency 
o s c i l l a t i o n s  of tone I ,  t h e  s p e c i f i c  wave on t h e  cardiogram, e tc .  The 
durat ion of t he  electrokinematic  l a t e n t  per iod v a r i e s  from 0.01 t o  0.04 sec  
and does not  change e s s e n t i a l l y  under var ious physiological and pathological  
conditions.  Z. B. Belotserkovskiy (1956) found changes i n  the  durat ion of 
t h i s  i n t e rva l  i n  a t h l e t e s  ( i n  comparison t o  t h e  da ta  of untrained persons).  

There are two independent va r i an t s  of  t h i s  latency 

The 

The second form of  electromechanical la tency -- t h e  electrodynamic 
l a t e n t  period ( o r  phase of asynchronous contract ion)  -- was character ized by 
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t h e  time from the  Q wave t o  t h e  beginning o f  t h e  increase  i n  i n t r a v e n t r i c u l a r  
pressure.  
dynamics i n  a t h l e t e s  a r e  analyzed i n  Chapters I and I V .  

The f a c t o r s  determining t h e  durat ion of  t h i s  i n t e r v a l  and i t s  

During the  ana lys i s  of the  electromechanical r e l a t ionsh ips ,  two more 
aspects  are of  i n t e r e s t :  
t h e  e l e c t r i c a l  and mechanical systol .es;  2) t h e  time ana lys i s  between t h e  
completion of  t h e  e l e c t r i c a l  and mechanical phenomena i n  t h e  h e a r t .  

1)  t h e  i n t e r r e l a t i o n s h i p s  between t h e  durat ion of  

In  comparing t h e  t o t a l  dura t ion  of t h e  e l e c t r i c a l  and mechanical 
sys to l e s ,  it should be kept i n  mind t h a t  t h e  overwhelming majori ty  of  t h e  - /32 
formulas descr ib ing  t h e  i n t e r r e l a t i o n s h i p  between these  per iods o f  t he  
card iac  cyc le  and t h e  card iac  cycle  as a whole have been concluded f o r  normal 
values  of cardiac rhythm ( f luc tua t ions  of  t h e  durat ion of t h e  card iac  cycle  
between 0.6 and 1 . 2  s ec ) .  

In order  t o  analyze t h e  i n t e r r e l a t i o n s h i p s  between t h e  dura t ion  of  t h e  
e l e c t r i c a l  s y s t o l e  and the  durat ion o f  t h e  card iac  s y s t o l e  i n  a t h l e t e s ,  
apparently,  t h e  most s u i t a b l e  formulas a r e  those  of I .  N.  Ivani tskaya and 
V. L. Karpman (1966), A. D. Budkov (1966). I t  might be assumed t h a t  t h e  
equations of  Butkov, which he produced i n  t h e  ana lys i s  of  electrocardiograms 
of  swimmers a t  a high l e v e l  of t r a i n i n g  (pa r t i c ipan t s  i n  t h e  c o l l e c t i v e  team 
of  the  USSR) more p rec i se ly  descr ibe the  i n t e r r e l a t i o n s h i p  between the  
e l e c t r i c a l  s y s t o l e  and t h e  card iac  rhythm i n  a t h l e t e s  t r a ined  f o r  endurance. 

The problem is t h a t  t he  absolu te  value of  durat ion o f  t he  Q-T i n t e r v a l ,  
i n  connection with the  de l ay ,o f  t he  card iac  rhythm i n  a t h l e t e s ,  i s  f requent ly  
increased. Thus, i n  h ighly  t r a ined  a t h l e t e s  t h e  durat ion of  t h e  e l e c t r i c a l  
s y s t o l e  i n  29.4% of  the  observat ions var ied  from 0.41 t o  0.50 sec  
(S. P .  Letunov, 1957). Lengthening i s  most f requent ly  noted i n  marathon 
r ace r s  and s k i e r s ,  i . e .  those a t h l e t e s  s p e c i a l l y  t r a i n e d  f o r  endurance. 

In  an inves t iga t ion  of highly q u a l i f i e d  swimmers, A. D. Butkov (1966) 
noted s t a t i s t i c a l l y  r e l i a b l e  lengthening of t h e  Q-T i n t e r v a l  (even with 
normal durat ion of t he  card iac  cycle) .  
r e l a t ionsh ip  between t h e  durat ion of t he  Q-T i n t e r v a l  and the  card iac  cyc le  
can be s a t i s f a c t o r i l y  descr ibed as follows: 

In  these  sportsmen, t he  i n t e r -  

where Se is  t h e  dura t ion  of t h e  e l e c t r i c a l  s y s t o l e  ( the  Q-T i n t e r v a l ) ,  

C i s  the  durat ion of t h e  card iac  cycle  (R-R i n t e r v a l ) .  

The formulas of Ye. B. Babskiy, I .  N. Ivanitskaya and V. L. Karpman have 
t h e  following form (symbols same as i n  formulas (3) and (3a) ) :  

27 



L. A. Butchenko, G. Bruschke and Kh. Burger (1965) descr ibe  t h e  
dependence between t h e  durat ion of  t he  e l e c t r i c a l  s y s t o i e  and t h e  pulse  
frequency (between 40 and 175 bea t s  p e r  minute). 
produced both at r e s t  and during muscular work (see Figure 22) .  The 
graphica l  dependence can apparent ly  be s a t i s f a c t o r i l y  descr ibed by a 
logari thmic equation. S t i l l ,  t h i s  approach cannot be acknowledged as 
completely co r rec t ,  s ince  t h e  changes i n  t h e  e l e c t r i c a l  s y s t o l e  under 
condi t ions of  work fol low l a w s  d i f f e r e n t  from those which r e g u l a t e  t h e  
dura t ion  of  t h e  Q-T i n t e r v a l  during muscular a c t i v i t y .  Inc iden ta l ly ,  t h i s  /33 
follows from the  works o f  L .  A.  Butchenko and N.  I. Vol'nova (1963), from 
which w e  can s e e  t h a t  p r a c t i c a l l y  none of t he  e x i s t i n g  formulas can satis-  
f a c t o r i l y  descr ibe t h e  i n t e r r e l a t i o n s h i p  between the  e l e c t r i c a l  s y s t o l e  and 
t h e  cardiac rhythm during muscular work. 

The au thors  analyzed da ta  

- 

. .  

In  comparing the  dura t ion  of t h e  e l e c t r i c a l ' s y s t o l e  and t h e  durat ion of 
t h e  mechanical sys to l e ,  t h e  judgment concerning t h e  mechanical s y s t o l e  i s  
gene ra l ly  made on t h e  b a s i s  of  t h e  durat ion of  t h e  Q-I1 tone i n t e r v a l  ( i . e . ,  
t h e  t o t a l  length of  t h e  s y s t o l e  and t h e  p ro tod ia s to l e ) .  

The durat ion of t h e  Q - 1 1  tone i n t e r v a l ,  as was e s t ab l i shed  by 
I. N .  Ivanitskaya, L .  A. I o f f e ,  V. L .  Karpman and G .  V. Sadovskaya (1964) 
depends on t h e  durat ion of t h e  cardiac cycle  as follows: 

In t h i s  formula, 0.3-C OS3' corresponds t o  t h e  durat ion of t h e  mechanical 
s y s t o l e ,  while 0.085 corresponds t o  t h e  mean summary length o f  t he  phase of 
asynchronous cont rac t ion  and the  p r o t o d i a s t o l i c  i n t e r v a l  (V. L .  Karpman, 
1963). . . .  

In  a t h l e t e s ,  t he  ac tua l  length  of  t h e  Q-I1 tone i n t e r v a l  f requent ly  
exceeds t h e  needed length i n  connection t o  the  elongat ion of  t h e  phase of 
asynchronous cont rac t ion .  
t h e  durat ion of  t he  Q-I1 tone i n t e r v a l ,  general ly ,  i s  s i g n i f i c a n t l y  elongated 
due t o  lengthening of t h e  phase of  isometr ic  cont rac t ion  and t h e  expulsion 
per iod.  

In  the  case o f  acute myocardial f a t i g u e  syndrome, 

A comparison of formulas for t h e  Q-I1 tone i n t e r v a l  (5) and t h e  
e l e c t r i c a l  s y s t o l e  (4) shows t h a t  with normal rhythm- ( i . e .  with a durat ion of 
t h e  card iac  cycle  from 0.65 t o  1 sec ) ,  t he  required value of Q-I1 tone 
i n t e r v a l  s l i g h t l y  exceeds t h e  durat ion of t he  Q-T i n t e r v a l ,  whereas i n  brady- 
card ia ,  t h e  inverse r e l a t ionsh ip  i s  observed, t he  time of  d i s soc ia t ion  
gene ra l ly  being more expressed. 
f requent ly  observed fact of  I1 tone preceding t h e  T wave by 0.04 sec  observed 

I t  i s  poss ib l e  t h a t  t h e  r e l a t i v e l y  
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i n  a t h l e t e s  (Hegglin phenomenon) i s  r e l a t e d  t o  t h i s  fact .  We note  i n  passing 
t h a t  t h e  Hegglin phenomenon is erroneously c a l l e d  the  Hegglin syndrome by 
some authors.  In t h i s  syndrome, t he  precedence of t he  I1 tone before  t h e  end 
of t he  T wave i s  not  l e s s  than 0.04 sec ,  and is  determined by lengthening of 
t h e  e l e c t r i c a l  s y s t o l e  with simultaneous shortening of the  Q-I1 tone i n t e r v a l  
i n  comparison with t h e  normal values ca lcu la ted  from t h e  Hegglin-Holzmann 
formulas. The Hegglin syndrome i s ,  i n  the .opin ion  of t h e  author,  a 
mani fes ta t ion 'of  energetic-dynamic def ic iency of t h e  hea r t ,  i . e . ,  primary 
weakening of the-myocardium, which may be caused by d is rupt ion  of t h e  mineral  
or energe t ic  exchange, t ox icos i s ,  e t c .  

Hegglin (1947) assumed t h a t  i f  t h e  myocardium of  the  l e f t  v e n t r i c l e  i s  
weakened f o r  one reason or another,  it i s  not  capable of  overcoming t h e  
r e s i s t a n c e  i n  t h e  a o r t a  over t h e  time ,period required,  contract ion is  
terminated ea r ly ,  which i s  documented on the  phonocardiogram by ea r ly  form- 
a t ion  of t h e  I1 tone. Lengthening of t h e  Q-T i n t e r v a l ,  i n  t h e  opinion of  
Hegglin, r e s u l t s  from ene rge t i c  def ic iency  of t h e  myocardium. The separa t ion  
o f  energetic-dynamic def ic iency  as a p a r t i c u l a r  form o f  card iac  def ic iency i s  
disputed by many inves toga tors  (Lagrand e t  a l . ,  1959; Brenner, Zpiv, 1952; 
V. N. Brikker, 1960). 

- /34 

The Hegglin phenomenon (but no t  syndrome) i s  r e l a t i v e l y  f requent ly  
observed i n  a t h l e t e s  a t  r e s t  (Emmrich et-  al.., 1962; I .  N .  Ivani tskaya,  1963, 
1965; Yu. K .  Shkhvatsabaya, 1964, 1965) and, as a r u l e ,  i s  not  a r e f l e c t i o n  
of any worsening i n  the  c o n t r a c t a b i l i t y  of t h e  myocardium. 
cases of  t h i s  type should be ca re fu l ly  analyzed. 

Nevertheless,  

I t  was ind ica ted  above t h a t  as t h e  card iac  rhythm i s  slowed, t h e  dura- 
t i o n  of  t he  Q - 1 1  tone i n t e r v a l  is  shortened i n  comparison with the  e l e c t r i c a l  
sys to l e .  This conclusion is confirmed by t h e  observat ions of Emmrich, 
Weissleder and Reindell  (1962), .according t o  which t h e  durat ion of  t h e  Q-T 
i n t e r v a l  and t h e  Q-I1 tone i n t e r v a l  p r a c t i c a l l y  corresponds with a pulse  
frequency af 59-62 bea ts  pe r  minute ( individual  groups o f  l i g h t  a t h l e t e s ,  
b i c y c l i s t s ,  rowers and swimmers were s tud ied ) .  With a mean frequency of  
52 bea ts  pe r  minute ( sk i e r s )  t he  dura t ion  of the  Q-I1 tone i n t e r v a l  was 
0.39 sec ,  while t he  Q-T i n t e r v a l  w a s  0.405 sec.  Similar  da t a  were produced 
by A.  D. Butkov (1966). 

B l o o d  S u p p l y  of  t h e  Heart 

One of t h e  most important f a c t o r s  i n  providing normal card iac  muscle 
funct ion is  t h e  s t a t e  of coronary blood flow. 
hea r t  is  unique i n  comparison t o  the  o the r  organs. The coronary blood flow 
amounts t o  only 8-10% of  t h e  card iac  output.  
hea r t  is  only 0.4-0.5% of  t h e  weight of  t h e  body, meaning t h a t  the  blood flow 
. to  t h e  hea r t  i s  10-15 t imes more i n t e n s e ' t h a n ' t o  o the r  t i s s u e s  of t h e  
organism. 

The blood supplied t o  the  

However, t h e  weight of  t he  

Measurement of  t h e  coronary blood flow i n  man became poss ib l e  a f t e r  
ca the t e r i za t ion  of  t h e  veinous s inus  was achieved. In  1949, Bing e t  a l .  
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first  determined the  value of coronary blood flow i n  man using n i t r o u s  oxide 
in take  and found t h a t  i n  hea l thy  persons it is 65 mR p e r  100 g hea r t  weight. 
According t o  the  da t a  of Rowe (1959), who made up a summary t a b l e  from t h e  
r e s u l t s  o f  t h e  inves t iga t ions  of seven authors ,  t h e  coronary blood flow i n  
heal thy persons averages 80.6 mR p e r  100 g hea r t  weight. In  women, t h e  
coronary blood flow was 26.5% higher  than i n  men ( respec t ive ly  110 and 
72 mR p e r  100 g weight of t h e  h e a r t  p e r  minute). 

In  a t h l e t e s ,  t he  coronary blood flow has only begun t o  be s tudied  

/ 35 
(Keul e t  a l . ,  1966). A t  t h e  present  time, c e r t a i n  da t a  have been accumulated 

which allow us t o  represent  t h e  changes i n  coronary blood flow during work 
and under t h e  inf luence  of  s p o r t s  t r a i n i n g .  

concerning t h e  f a c t o r s  which determine t h e  s t a t e  o f  coronary blood flow,. - 

The i n t e n s i t y  o f  changes i n  card iac  a c t i v i t y  a r e  determined by t h e  
demands of  t h e  organism. For example, during physical  loading, t h e  volume of 
blood p e r  minute may be increased from 4-5 t o  25-30 R/min f o r  severa l  
minutes. 
case, and i t s  demands f o r  blood supply are a l s o  increased.  Supporting the  
a c t i v i t y  o f  t h e  hea r t  a t  t h e  new, q u a n t i t a t i v e l y  and q u a l i t a t i v e l y  d i f f e r e n t  
l e v e l ,  is  achieved by a corresponding increase  i n  t h e  coronary blood flow. 
From 200-250 mR/min a t  r e s t ,  t h e  coronary blood flow under in tens ive  muscular 
work condi t ions may reach 3.0-4.6 R/min. 

Energy expenditures of t h e  myocardium increase  sharp ly  i n  t h i s  

One distinguish.ing f ea tu re  of t he  blood supply t o  t h e  hea r t  i s  the  
f a c t  t h a t  t h e  coronary blood flow i s  approximately 10-15 times g r e a t e r  than 
t h e  mean blood flow i n  o the r  t i s s u e s  of t h e  organism. 

One anatomical s p e c i f i c  o f  t h e  coronary vesse l s  i s  t h e  f a c t  t h a t ,  i n  
con t r a s t  t o  t h e  per iphera l  ves se l s ,  the  a r t e r i a l  coronary lumen i s  q u i t e  
sho r t ,  while t he  c a p i l l a r y  lumen is  q u i t e  g r e a t  (Brose, Schaeffer ,  1953). 
According t o  t h e  da t a  of Roberts and Wearn (1941), i n  a normal hear t  t h e r e  
are over 4000 c a p i l l a r i e s  p e r  mm2, while i n  a hypertrophic  hea r t  (patho- 
log ica l )  t h e r e  are about 2500. However, myocardial hypertrophy r e s u l t i n g  
from spor t s  t r a i n i n g  'is accompanied by t h e  development of  a powerful cap i l -  
l a r y  network. According t o  the  da t a  of  Pe t r in ,  Fjostrand,  Sylven (1936), 
D. S .  Sarkisov (1964) and o the r s ,  t he  quan t i ty  of  c a p i l l a r i e s  i n  the  hea r t  
a f t e r  hypertrophy as a r e s u l t  of  t r a i n i n g  increases  not only absolutely,  
but r e l a t i v e l y  (per u n i t  a rea)  as wel l .  The development of c a p i l l a r i e s  
provides f o r  s u f f i c i e n t  blood supply t o  t h e  hypertrophic myocardium both a t  
r e s t  and during work and i s  one of  the  f a c t o r s  i n  the  increased working 
a b i l i t y  of t h e  a t h l e t i c  hea r t .  
by an i n t e r a c t i o n  of  many regula tory  f a c t o r s ,  which a r e  a r b i t r a r i l y  divided 
i n t o  card iac  and ex t racard iac  f a c t o r s  (diagram below). 

Normal blood supply t o  the  h e a r t  is  provided 

Among the  card iac  f a c t o r s  i n  regula t ion  of t h e  coronary blood supply w e  
include: 1)  t he  l e v e l  of  metabolic processes i n  the  myocardium ( the re  is  a 
l i n e a r  dependence between t h e  consumption of oxygen and coronary blood flow); 
2) pressure  i n  t h e  a o r t a  (as  t he  a o r t a l  p ressure  i s  increased,  coronary blood 
flow increases ,  and v i c e  ve r sa ) ;  3) t h e  card iac  rhythm ( increasing t h e  pulse  
frequency i s  accompanied by an increase  i n  coronary blood flow, proport ional  
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t o  t h e  increase  i n  work of  t he  hea r t  and consumption of  oxygen by t h e  
myocardium); 4) phase inf luences on the  i n t e n s i t y  of  t h e  coronary blood flow 
( the  coronary blood flow i s  decreased during the  sys to l e ,  p a r t i c u l a r l y  
sharply during t h e  phase of isometr ic  cont rac t ion , .and  an increase  during t h e  
d i a s t o l e ) ;  5) t he  tone of  t h e  coronary a r t e r i e s  ( the  tone  is  decreased as t h e  - /37 
energy requirements a r e  increased,  i n  case of oxygen shortage,  and increase  
during an overabundance of  oxygen, providing correspondence of  coronary blood 
supply t o  the  l e v e l  of  metabolic processes i n  t h e  myocardium. 

The ex t r aca rd ia l  f a c t o r s  include many r e f l e c t o r  ac t ions  both  d i r e c t l y ,  
and through t h e  card iac  f a c t o r s  in f luenc ing  the  s t a t e  of blood supply of t h e  
hea r t .  

Nervous regula t ion  is a necessary l i n k  i n  t h e  complex mechanism 
providing adaptat ion of coronary blood flow t o  t h e  demands .of t h e  myocardium. 
When t h e  innervat ion of  t h e  h e a r t  i s  disrupted,  myocardial hyperfunction, 
increased l eve l  of metabolism and o ther  f a c t o r s  not  only do not  cause an 
increase  i n  coronary blood flow., bu t  f requent ly  lead t o  t h e  reverse  
reac t ions .  

The dependence of t h e  state of coronary blood supply on the  inf luence of 
t h e  b ra in ,  higher  vege ta t ive  centers  and t h e  vascular  motor cen te r  has been 
confirmed by many c l i n i c a l  observat ions.  Strong excitement caused by an 
unexpected s i t u a t i o n  - -  an alarm s igna l ,  f e a r  before  operat ions,  e t c .  
(Mainzer, 1953; S. I .  Teplov, 1962; N. I .  Speranskiy and V.  I .  Ostrovskaya 
1955; S i g l e r ,  1961; Adsett e t  a l . ,  1962) and the  so-cal led d a i l y  
s t r e s s o r s  -- "ordinary" un res t  r e l a t e d  t o  profess iona l  a c t i v i t y  ( I r a  
e t  a l . ,  1963; G.  I .  Kositskiy,  1964) a r e  accompanied by changes i n  coronary 
blood supply. 

An important r o l e  i n  the  regula t ion  of  coronary blood flow i s  played by 
humoral f a c t o r s .  A change i n  t h e  content of  oxygen, carbon dioxide,  
adrenal ine,  noradrenal ine,  ace ty lchol in ,  vassopressin and c e r t a i n  o ther  
mater ia l s  leads  t o  changes i n  the  cross  sec t ion  o f  t h e  coronary vesse l s ,  
thus  inf luencing the  i n t e n s i t y  of coronary blood supply. 

Certain Spec i f ics  i n  the Regulation of Cardiac Act ivi ty  i n  Athletes  

Systematic t r a i n i n g  e s s e n t i a l l y  i n  any form of spo r t s  leads  t o  an 
increase  i n  t h e  func t iona l  capac i t i e s  of t h e  hea r t .  These changes a r e  most 
sharply expressed i n  a t h l e t e s  e spec ia l ly  t r a i n e d  f o r  endurance. 
middle, long and very long d is tances ,  s k i e r s ,  swimmers, e t c .  show consider- 
ab ly  more f requent ly  than o the r  a t h l e t e s  a tendency t o  a decrease i n  a t r i o -  
v e n t r i c u l a r  conduct ivi ty ,  moderate hypertrophy o f  t h e  myocardium and an 
increase  i n  the  s i z e  of  t h e  h e a r t ,  accompanied by development of  a t h i c k  
network of  c a p i l l a r i e s ,  absolute  and r e l a t i v e  increase  i n  r e s idua l  blood ' 

volume, a decrease i n  t h e  blood c i r c u l a t i o n  volum e p e r  minute, an increase  
i n  t h e  blood flow time, c h a r a c t e r i s t i c  changes i n  t h e  phase s t r u c t u r e  of t h e  
card iac  cont rac t ion  (myocardial hypodynamia syndrome). 

Runners f o r  

/38 
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Norma 1 

O=C 

Figure 1 .  I n t e r r e l a t i o n  
of Vagus and Sympathetic- 
Inhibi tory Mechanisms 
( B )  and Sympathetic ( C )  
Mechan i sms i n  Norma 1 
C o n d i t i o n s ,  Under Con- 
d i t i o n s  of Emotional 
S t r e s s  and Decreased 
Physical Act iv i ty ,  and 
After  Physical Exercises 
and Emotional Unrest 
(According t o  V .  Raab, - 1963) 

A l l  of t hese  changes r e s u l t  from an 
increase  i n  t h e  a c t i v i t y  of t he  
sympathet ic- inhibi tory mechanisms and an 
increase  i n  c e n t r a l  tone of  t h e  vagus 
nerves.  Thus, V. Raab (1959) ind ica t e s  
t h a t  i n  t h e  opinion of Reindell (1943), 
even t h e  phenomenon of tonogenic d i l a t i o n  
i s  determined by t h e  " r e l a t ive ly  tono- 
t rop ic"  inf luence  of t he  vagus nerve.  
Changes i n  t h e  rhythm, a t r i o v e n t r i c u l a r  
conduct ivi ty  and c e r t a i n  manifestat ions of 
e x c i t a b i l i t y  are r e l a t e d  t o  reinforcement 
of negat ive chrono-, dromo- and bathmo- 
tropkc e f f e c t s .  Here, a sharp increase  i n  
t h e  c e n t r a l  tone of t h e  vagus nerve leads 
t o  an expressed negat ive dromotropic 
inf luence.  Reinforcement of negat ive 
ino t rop ic  inf luences of t h e  vagus nerve 
leads t o  a decrease i n  the  blood volume 
pe r  minute, a decrease i n  the  ex terna l  work 
of the  h e a r t ,  a slowing of t h e  i n i t i a l  r a t e  
of increase  o f  i n t r a v e n t r i c u l a r  pressure  
and c h a r a c t e r i s t i c  phase s h i f t s .  

Apparently, t h e  condition of t h e  
s k e l e t a l  musculature i s  of  g rea t  signif- 
icance i n  changes i n  the  regula t ion  
developing under the  inf luence of system- 
a t i c  t r a i n i n g  and the  transformation of  t h e  
a c t i v i t y  of t he  cardiovascular  system. 
According t o  t h e  inves t iga t ions  of 
I. A. Arshavskiy (1964), t h e  i n t e n s i t y  of  
energy expenditures and the  corresponding 
l e v e l  of  a c t i v i t y  o f  t he  r e sp i r a to ry  and 
cardiovascular  system during r e s t  a r e  
determined pr imar i ly  by dynamic components 

o f  load, ca r r i ed  by t h e  s k e l e t a l  muscles. The inves t iga t ions  conducted by 
D. U. Ermatova (1965) with rats and r a b b i t s  are o f  i n t e r e s t .  After  spec ia l  
t r a i n i n g  (swimming) causing considerable  changes i n  the  s t a t e  of the  s k e l e t a l  
musculature of t h e  experimental animals, a slowdown i n  t h e  na tu ra l  r e s p i r -  
a to ry  and card iac  rhythms was noted, by a f a c t o r  of  almost 2.  The r a b b i t s  
during the  process of  t r a i n i n g  showed r e s p i r a t o r y  arhythmia, ind ica t ing  t h e  
appearance of  tonus i n  t h e  c e n t r a l  nuc le i  of  t h e  vagus nerve (under ordinary 
condi t ions,  vagus tonus i s  not present  i n  these  animals).  The in t roduct ion  
a t ropine  el iminated t h e  r e s p i r a t o r y  changes i n  t h e  card iac  rhythm, thus  
confirming the  r e l a t ionsh ip  of t h e i r  appearance with t h e  formation of tonus 
of  t h e  vagus nerve. 

- /39 

In the  opinion of M. R. Mogandovich (1957), t he  inf luence of s k e l e t a l  
musculature on the  vege ta t ive  funct ions i s  achieved due t o  t h e  regula t ing  
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inf luence of t h e  propriocept ive impulsation (motor-visceral  r e f l exes ) .  
The i n t e r r e l a t i o n s h i p  o f  motor and vegeta t ive  func t ions  i s  p a r t i c u l a r l y  c l e a r  
during t h e  process of  t r a i n i n g :  improvement of  t h e  s ta te  of t r a i n i n g  i s  
accompanied by an improvement i n  the  func t iona l  s ta te  o f  t he  c i r cu la to ry  
apparatus.  

Many inves t iga t ions ,  including a p a r t i c u l a r l y  w e l l  d i r ec t ed  work by 
V. Raab (1959, 1963), have shown t h a t ,  when movement i s  i n s u f f i c i e n t ,  changes 
i n  t h e  regula t ion  of card iac  a c t i v i t y  a r e  noted. 
a r e  charac te r ized  by predominance of  t he  inf luence  of  t he  sympathetic system, 
r e s u l t i n g  both from an absolu te  increase  i n  the  sympathetic tonus,  and from a 
decrease i n  the  a c t i v i t y  o f  chol inerg ic  and sympathet ic- inhibi tory mechan- 
i s m s .  V. Raab (1963) ind ica t e s  t h a t  t he  absolute  predominance of  sympathetic 
systemic e f f e c t s  r e s u l t s  from emotional f ac to r s ,  while r e l a t i v e  predominance 
may r e s u l t  from physical  i n a c t i v i t y  (Figure 1 ) .  A reinforcement of 
sympathetic inf luences on the  h e a r t  may be pathogenic i n  nature .  
vascular  d i seases  are most frequent among those  who lead pr imari ly  sedentary 
l i v e s  (being p a r t i c u l a r l y  f requent  i f  t h e r e  are accompanying emotional 
s t r e s s e s ) .  
physical  t r a i n i n g  lead  t o  t h e  development of p ro tec t ive ,  sympathetic- 
i nh ib i to ry  and chol inerg ic  mechanisms. 

These regula tory  changes 

Cardio- 

From t h e  diagram (Figure 1) w e  s ee  t h a t  emotional d i squ ie t  and 
c 

Thus, t h e  r e l a t ionsh ip  between t h e  l eve l  of motor a c t i v i t y  and the  state 
The regula tory  changes of  regula t ion  of card iac  a c t i v i t y  i s  obvious. 

r e s u l t i n g  from spor t s  exerc ises  a r e  charac te r ized  by re inforced  negat ive 
chrono-, bathmo-, dromo- and ino t rop ic  inf luences of t h e  vagus nerve and an 
increase  i n  t h e  a c t i v i t y  of t h e  sympathet ic- inhibi tory and chol inerg ic  
mechanisms a t  r e s t .  Cholinergic f ea tu res  of homeostasis, accumulated as a 
r e s u l t  of  s p o r t s  t r a i n i n g ,  a r e  the  bas i s  of t he  "economy" of the  manifest- 
a t ions  of  v i t a l  a c t i v i t y  a t  r e s t  and r e s u l t  i n  an increase  i n  the  reserve 
capac i t i e s  of  t he  organism i n  connection t o  increased p o t e n t i a l  l a b i l i t y  of  
t he  skeletal-muscular,  r e s p i r a t o r y  and cardiovascular  systems i n  response t o  
various s t r e s s  f a c t o r s ,  including physical  loading (I. A. Arshovskiy, 1964- 
1967). 
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CHAPTER I I  

CARDIAC ACT VlTY DUR NG CONDITIONS OF MUSCULAR WORK 

ABSTRACT. The response of cardiodynamics to physical stress 
is studied. Transient part cardiodynamic.proccesses during 
muscular work are diagrammed and described. 
the alterations in cardiac rhythm,'blood pressure, blood 
volume per beat, permitted a residual blood volume in the 
heart, as well as relationships between phases of the 
cardiac cycle as a function of physical stress level are 
studied. The electromechanical relationships before, during 
and after physical stress are described, and the recovery 
period following physical stress is studied. 

Specifically, 

The contemporary state of development of  sports medicine is character- 
ized by ever broader interest in investigations dedicated to a study of the 
behavior of various systems of the organism and, in particular, the circul- 
atory apparatus'directly during muscular work. 
becoming possible to a considerable extent due to the technical revolution 
occurring in circulatory physiology. 
cardio- and hemodynamics is being performed using,highly sensitive 
parametric and oscillator type transducers. The free behavior of the test 
subject during muscular work is provided due to the radiotelemetric trans- 
mission of physiological information o r  transmission of this information 
through special electrical transmission wires. 

/40 

This type of investigation is 

The recording of various parameters of 

It should be noted that up to quite recent times the problem of  
investigation of cardiodynamics during muscular stress was solved by compar- 
ison of physiological information produced before and at various times after 
physical loads. 
judgment of the reaction of the cardiovascular system to load based on data 
of the restorative period is far from complete from the physiological point 
of view, since the cardiodynamics and hemodynamics under these conditions 
differ essentially from those observed during muscular activity both 
quantitatively and qualitatively. 

However, at the present time there is no doubt that a 

There are not only technical difficulties preventing broad extension of /41 
investigations of cardiodynamics during work. 
do not have the corresponding methodological apparatus with which we could 
perform the objective, quantitative analysis of the multifaceted cardio- 
logical information produced in experiments with muscular work necessary for 
sports medical practice. 
cybernetics -- the theory of automatic control - -  promising and practically 

The problem is that we still 

We might find one of the component parts of 
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usefu l  here .  
automatic cont ro l  new ob jec t ive  c r i t e r i a ,  not  yet  used i n  medicine, which 
might be used t o  eva lua te  t h e  r eac t ion  of t he  cardiovascular  system t o  
var ious types of per turba t ion .  
automatic cont ro l ,  we can produce da ta ,  f o r  example, on such new c r i t e r i a  f o r  
biology as t h e  "quant i ty  of  regulat ion" of  a system. 

We have i n  mind pr imar i ly  borrowing from t h e  theory of 

Using the  concepts from the  theory of 

Inves t iga t ion  o f  t he  quan t i ty  of regula t ion  i n  t h e  c i r cu la to ry  apparatus 
might be performed by ana lys i s  of  curves of  t h e  t r a n s i e n t  processes con- 
s t ruc t ed  according t o  t h e  da t a  o f  continuous o r  p a r t i a l l y  d i s c r e t e  r e g i s t r a -  
t i o n  of  parameters of  cardiodynamics (cardiac output ,  arterial pressure,  
phases of t h e  card iac  cycle ,  card iac  rhythm, e t c . )  during muscular work. 

Transient processes ,  as we know, charac te r ize  t h e  changes of  a parameter 
being s tudied  i n  r egu la t ion  systems, a r i s i n g  under t h e  inf luence  of 
per turbing ac t ions .  For  t h e  cardiovascular  system, which i s  under the  
control  of a complex b io log ica l  regula t ion  system, one of t he  most f requent ly  
encountered per turb ing  f a c t o r s  i s  muscular work. 

Certain General Regular i t ies  i n  the  Restructuring of  Cardiodynamics During 
-Physical  S t r e s s  

Under the  inf luence  of  muscular work, changes i n  card iac  a c t i v i t y  are 
general ly  completed i n  two s t ages .  
working-in per iod.  During t h i s  t ime, each parameter of  cardiodynamics 
gradual ly  changes i t s  value from the  value a t  r e s t  t o  the  value inherent  t o  a 

The first of  t hese  corresponds t o  t h e  

given volume of work. . .  

The second s t age  i s  charac te r ized  by a new s t a b l e  mode of card iac  
a c t i v i t y ,  which i s  represented i n  t h e  l i t e r a t u r e  as t h e  s teady s t a t e .  
s teady s t a t e  of a system o r  l i nk  i n  a system i s  charac te r ized  by t h e  f a c t  
t h a t  with constant per turb ing  inf luence,  t h e  regulated parameter remains 
constant  o r  changes a t  constant  r a t e .  

The 

Let u s  d i scuss  some of  t h e  r e g u l a r i t i e s  of  t h e  changes of  cardiodynamics 
during t h e  working-in per iod and i n  the  s teady s t a t e .  

An inves t iga t ion  of r e s t ruc tu r ing  of cardiodynamics during the  - /42 
working-in per iod can be most conveniently conducted using the  da t a  from t h e  
reac t ions  t o  a stepped per turba t ion .  A s  concerns muscular work, t h i s  type of 
per turba t ion  i s  charac te r ized  by a sudden beginning and end of t h e  physical  
load, the  performance of which i s  conducted a t  constant  power. 

On the  b a s i s  of  ana lys i s  of a l a rge  number of  t r a n s i e n t  process curves 
constructed by our  col leagues 0. N .  Delina, Ye. A. Yefimova, V. G .  Leoshenko 
and Yu. K. Shkhvatsabaya for widely var ied  parameters of cardiodynamics 
(cardiac rhythm, a t r i o v e n t r i c u l a r  behavior,'asynchronous, isometr ic  and 
i so ton ic  cont rac t ions ,  mechanical and e l e c t r i c a l  sys to l e s )  as well  as da ta  
produced by N. V. Zimkin and S. A. Razumov (1965), V. V. Matov and 
I .  D. Surkina (1964), C e r r e t e l l i  e t  al .  (1964) and o the r s ,  t h e  p o s s i b i l i t y  
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has been crea ted  of systematizing the  considerable  v a r i e t y  of types of  
dynamics of electromechanical i nd ica to r s  of t h e  a c t i v i t y  of t h e  h e a r t  during 
t h e  working-in per iod.  
diagram: 

This systematizat ion i s  presented on the  following 

TP.ANS I ENT I PROCESS 
I - 

I--=- 
S i ngle-phase 

I I __  ------ 
I 4. . I  

With W i t h  osci  1 l a tory  
s t a r t i n g  s t r a t i f i c a t i o n s  

- -  react ion 

Single-phased s t r a t i f i c a t i o n s  are charac te r ized  by t h e  f a c t  t h a t  a f t e r  
t he  beginning of  work t h e  parameter of  cardiodynamics being s tudied  begins t o  
decrease (or increase)  i n  comparison with i t s  ' i n i t i a l  value (Figure 2 ) ,  and 
the  i n i t i a l  i n c l i n a t i o n  of t h e  curve determines i t s  subsequent p o l a r i t y .  

parameter being s tudied  i n  r e l a t i o n  t o  i t s  i n i t i a l  value accompanied by a 
change i n  p o l a r i t y  a r e  c h a r a c t e r i s t i c  (see Figure 2 ) .  For example, t he  
durat ion of t h e  per iod of  expulsion under condi t ions of  moderate muscular 
work f i r s t  increases  i n  comparison with the  i n i t i a l  value;  then, a f t e r  h a l f  
a minute, begins t o  decrease,  becoming s h o r t e r  than a t  rest .  Single-phase 
t r a n s i e n t  processes a r e  predominant, most f requent ly  encountered i n  the  
ana lys i s  of  var ious parameters of  cardiodynamics. L e t  us no te  one more 
important c h a r a c t e r i s t i c  s p e c i f i c  f ea tu re  of t h i s  group of  t r a n s i e n t  
processes.  
card iac  a c t i v i t y  index being s tudied  i s  the  ob jec t  of d i r e c t  regula tory  
inf luences.  
t h e  beginning of muscular work leads  t o  an increase  i n  the  force  of t h e  
card iac  cont rac t ion ,  which is  d i r e c t l y  i l l u s t r a t e d  by a shortening of  t h e  
isometr ic  cont rac t ion  and an increase  i n  t h e  rate of  i n t r a v e n t r i c u l a r  
pressure  r i s e .  

.With two-phased t r a n s i e n t  processes,  o s c i l l a t i o n s  of  t h e  value of the  

I t  seems t h a t  they  a r e  observed pr imar i ly  i n  those cases when t h e  

For example, p o s i t i v e  ino t rop ic  s t imula t ion  of  t he  myocardium at  

_ .  

The problem i s  d i f f e r e n t  i n  an evaluat ion of two-phase t r a n s i e n t  
processes.  In  these  cases ,  t h e  parameter s tud ied  is  regulated not d i r e c t l y ,  
but i n d i r e c t l y  as a r e s u l t  of de t e rmin i s t i c  changes i n  o the r  parameters. For 
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example, t h e  dura t ion  of  t h e  expulsion per iod depends both on ino- and 
chronotropic inf luences  on t h e  myocardium, and on t h e  value of  t h e  volume of 
blood pe r  bea t .  A s  a r e s u l t ,  during muscular work o f  s l i g h t  i n t e n s i t y ,  t h e  
increase  i n  volume p e r  bea t  leads  t o  an elongation of t h e  expulsion per iod;  
then, as t h e  p o s i t i v e  ino- and chronotropic inf luences a r e  increased, i t s  
durat ion gradual ly  shortens.  

t 6 

Figure 2. 
Work. A ,  Single-phased and two-phased t r a n s i e n t  processes;  
the  arrow shows t h e  moment o f  b e g i n n i n g  o f  work; B ,  Typical 
t r a n s i e n t  processes:  aper iodic  ( t o p ) ,  osci  1 l a to ry  ( m i d d l e )  

Transient  Cardiodynamic Processes During Muscular 

and stepped (bottom). 

The parameters which a r e  regulated i n d i r e c t l y ,  secondari ly ,  do not - /44 
always y i e l d  a two-phased t r a n s i e n t  process.  
t r a n s i e n t  process may be single-phased. 
considerably more h ighly  i n e r t i a l  than the  t r a n s i e n t  processes  constructed 
f o r  t he  d i r e c t l y  regula ted  parameters. 

Under c e r t a i h  condi t ions,  t h e  
However, i n  t h i s  case i t  i s  

Figure 2,  B shows t y p i c a l  t r a n s i e n t  processes  i n  cardiodynamics observed 
i n  t r a ined  a t h l e t e s .  A formal ana lys i s  o f  these  processes  allows us t o  speak 
q u i t e  obviously of  t h e  s p e c i f i c s  of regula t ion  of var ious mechanical 
manifestat ions o f  card iac  a c t i v i t y .  

Under t h e  condi t ions of performance of  a labora tory  experiment, t h e  
t r ans i en t  processes most f requent ly  observed a r e  aper iodic .  
ideas  of  Dreshell  (1960), aper iodic  t r a n s i e n t  processes with damping of a 
system near  c r i t i c a l  i n d i c a t e  i n  b io logica l  ob jec t s  op t imal i ty  of  the  
operat ion of t he  r egu la to r s .  
t h e  change i n  cardiodynamics i n  a t h l e t e s  -- persons with the  bes t  "regulatedf1 
c i r c u l a t o r y  system -- a r e  aper iodic .  

According t o  the  

I t  i s  poss ib l e  t h a t  it i s  f o r  t h i s  reason t h a t  
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We distinguish three types of aperiodic transient processes in athletes 
(V. L. Karpman, 1966). The first type corresponds to curves of transient 
processes observed in aperiodic lengths of first order automatic control 
systems. These transient processes are easily approximated by typical 
exponents (Figure 2, B). 

The second type is at first glance reminiscent to an oscillatory 
transient process. However, a simple graphic reconstruction of this curve 
shows that it is composed of a "pure" exponential curve and a low-amplitude 
oscillatory component. This type of transient process is most frequently 
observed both in our investigations, and in the investigations of other 
authors (Greshell, 1960; N. V. Zimkin and S. A.  Razumov, 1965; etc.). 

initial change in the parameter. This change may be observed in the first 
cardiac cycle after the beginning of muscular work. 
this type of transienr process, we can use a typical exponential curve with the 
introduction of a constant coefficient at the variable. In this case at moment 
in time t = 0 ,  i.e. at the beginning of work, the parameter is. already changed. 
Under real conditions, naturally, a certain slight decay of this jump in re- 
lation to t = 0. 

The third type of aperiodic transient process is characterized by a sharp 

In order to approximate 

This type of transient process is distinguished by its high optimality as 
concerns speed of action. It is observed irl hignly trained athletes for whom, 

physical load has been developed. 
appearently, optimal stereotype reaction of the circulatory apparatus to /45 

The oscillatory type of transient process in cardiodynamics (Figure 2,  B) 
is characterized by reregulation, and has been observed in our investigations 
quite rarely. Apparently, the speed of operation of the system here is achieved 
inefficiently, ana therefore during the process of training the oscillatory 
element is reduced to a minimum. The stepped transient process (Figure 2 , B j  on 
the other hand is observed comparatively frequently. T h i s  torpid type of re- 
structuring of cardiodynamics is usually seen in the analysis of the dynamics 
of secondarily regulated parameters, for example duration of the mechanical 
systole in tne ventricles. 

During the working-in period, the acrivity of the biological regualtion 
system is similar to the operation of a self-adapting search control system 
in technology. Its principal task is to find the optimal (for a given intensity 
of muscular work) level of functioning of the heart. 

The duration of the working-in period is relatively snort. According to 
the data of a study of widely varying cardiodynamic parameters, it varies from 
20-30 sec to 1 1/2-2 1/2 minutes. The working-in period usually consists of 
two stages -- the so-called start reaction and the stage of initial stabiliza- 
tion. It must be kept in mind that there is almost no clear boundary between 
xhe completion of the working-in period and the steady-state period in actuality. 
During the initial stabilizaiton, relatively slignt fluctuations are observed 
(&15% in relation to the maximum value) in the cardiodynamic quantities. 
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S t a b i l i z a t i o n  i t s e l f ,  according t o  i t s  formal c h a r a c t e r i s t i c s ,  should be 
character ized by complete absence of f luc tua t ions  i n  cardiodynamics. 
However, a s l i g h t  l e v e l  of  f l u c t u a t i o n  of a parameter should be allowed, not  
exceeding 25% i n  r e l a t i o n  t o  i t s  maximum value,  as i s  done i n  t h e  theory of 
automatic regula t ion .  

The degree of expression of s h i f t s  i n  t h e  operat ion of  t h e  c i r c u l a t o r y  
system depends e s s e n t i a l l y  on t h e  mechanical power o f  t h e  work being 
performed i n  t h e  s teady  s t a t e  (V. G. Leoshenko, Yu. K. Shkhvatsabaya). 

With low work power (up t o  500 kg-m/min) t h e  per iod of i n i t i a l  

When t h e  work involves g r e a t e r  
s t a b i l i z a t i o n  i s  g r e a t l y  extended. 
s t a b i l i z a t i o n  i t s e l f  i s  not  observed at a l l .  
power (1700-2000 kg-m/min) t h e  working-in per iod i s  replaced by the  per iod of 
s t a b i l i z a t i o n  i t s e l f .  The s t a b i l i z a t i o n  i s  genera l ly  complete, but devi- 
a t i o n s  of  a parameter may be considerable.  

If the  work i s  shor t ,  t h e  per iod of 

Up t o  t h e  present  time we have been speaking of changes i n  card iac  
a c t i v i t y  under t h e  inf luence of muscular work,performed i n  t h e  s teady s t a t e .  

apparatus n a t u r a l l y  w i l l  be d i f f e r e n t .  
/46 With unsteady work, t h e  r e g u l a r i t i e s  of behavior o f  t he  c i r c u l a t o r y  - 

Complex manifestat ions of muscular a c t i v i t y  which cannot even be 
approximately described by a stepped funct ion a r e  character ized by an absence 
of  t h e  s teady s t a t e  on the  curves of t r a n s i e n t  processes constructed from the  
da t a  of var ious cardiodynamic parameters (Smodlaka, 1963; N .  B. Kichaykina, 
1965; Shnayder, Gattenlohner, 1965; V. L. Karpman, Ye. D.  Yefimova 
and V. G.  Leoshenko, 1967). The t r a n s i e n t  processes  i n  t h i s  case w i l l  show 
t h e  automatic search f o r  t h e  optimal card iac  a c t i v i t y  mode f o r  t h e  varying 
power of  t h e  muscular work being performed by t h e  t e s t  subjec ts  ( s imi la r  t o  
t h e  work of  an extreme system of  automatic con t ro l ) .  

When in t ens ive  muscular work i s  performed i n  a d i s c r e t e  manner, a 
r e g u l a r i t y  i s  genera l ly  de tec ted  which we c a l l  t he  "Bowditch phenomenon 
with d i s c r e t e  muscular work." 
each subsequent cycle  of work, t h e  devia t ion  of each parameter increases .  
This i s  i l l u s t r a t e d  on Figure 3 by the  increase  i n  oxygen consumption and 
decrease i n  dura t ion  of  i somet r ic  contract ion.  As follows from t h i s  f i g u r e ,  
t h e  change i n  t h e  curves is  reminiscent of t h e  curves descr ibing the  
flBowditch ladder'' which allowed us  t o  use the  name j u s t  mentioned. 

This r e g u l a r i t y  cons i s t s  of t h e  f a c t  t h a t  with 

Cardiac Rhythm 

The change i n  card iac  rhythm is  one of t h e  physiological  mechanisms used 
f o r  adaptat ion of t h e  organism t o  muscular work. 
supply t o  the  working organs and t i s s u e s  i s  provided by a s i g n i f i c a n t  

This l a t t e r  i n  tu rn  i s  
achieved t o  a considerable  ex ten t  by increasing t h e  frequency o f  contrac- 
t ions.  

An increase  i n  blood 

increase i n  t h e  volume of c i r c u l a t i o n  pe r  minute. - /47 
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F i g u r e  3 .  Bowditch Phenomenon w i t h  
Discre te ,  High-Power Muscular Work. 
AVO,, Increase i n  oxygen consump- 
t i o n ;  A I C ,  Acceleration o f  iso- 
metr ic  cont rac t ions ;  shaded 
rectangles  correspond t o  periods o f  
physical load, unshaded rectangles  

t o  periods o f  r e s t .  

Objective graphic  recording 
of  changes i n  card iac  rhythm 
during t h e  process o f  muscular 
work began t o  be made a t  t he  
beginning of  t he  twent ie th  
century (Bowen, 1904). Later, 
Knoll (1932) began t o  inves t -  
i g a t e  the  automatic funct ioning 
of t he  h e a r t  during work using 
an electrocardiograph.  

An important cont r ibu t ion  
. t o  t h i s  problem was l a t e r  made 
using rad io te lemet r ic  t rans-  
mission of e lec t rocard iographic  
information (V. V. Rosenblatt ,  
1962; V. V. Vasil 'yeva and 
V. P.  Pravosudov, 1963; 
V. V. Matov and I .  D. Surkina, 
1964; e t c . ) .  Under condi t ions 
o f  t he  performance o f  muscular 
work, changes a r i s e  i n  the  
card iac  rhythm, the  expression 
of which i s  determined by a 
l a rge  number of  f a c t o r s .  The 
most important r o l e  belongs t o  

the  volume and power o f  work being performed. 

Under condi t ions of  spo r t s  a c t i v i t y ,  a pulse  frequency of  over 200 bea t s  
pe r  minute i s  f requent ly  observed. However, usua l ly  with r a t h e r  i n t ens ive  
loads t h e  pulse  v a r i e s  i n  d i f f e r e n t  phys ica l ly  well  t r a ined  persons between 
160 and 200 bea ts  pe r  minute. The "standard working a b i l i t y "  i s  equated by 
Sjostrand (1954) t o  a pulse  frequency o f  170 bea ts  pe r  minute. 

The' e f f i c i ency  o f  increasing t h e  card iac  rhythm during t h e  performance 
of physical  exerc ises  i s  analyzed i n  r e l a t i o n  t o  the  so-ca l led  c r i t i c a l  pu lse  
frequency. 
f u r t h e r  shortening of  which leads  t o  a decrease i n  the  e f fec t iveness  of t h e  
contract ions (V. L. Karpman, 1964). 

I t  i s  determined by t h a t  minimum length of  the  card iac  cycle ,  

A. N .  Krestovnikov (1951) assumed t h a t  a t  a pulse  frequency of over 
210 p e r  minute, t h e  length of  t he  d i a s t o l e  i s  s o  reduced t h a t  t h e  f i l l i n g  
o f  t h e  hea r t  with blood begins t o  su f fe r .  I t  should be noted here t h a t  t h e  
maximum poss ib l e  pulse  frequency i n  man according t o  Hoffmann and Pamerance 
(1958) i s  360 b e a t s  pe r  minute ( in  paroxysmal tachycardia) .  
a c t i v i t y ,  a frequency of up t o  270 pe r  minute has 'been recorded (V. S. Far -  
f e l '  and M. V. Raskin, 1947; Cnristensen, Hogberg, 1958). 

During spor t s  

Figure 4 i l l u s t r a t e s  a typ ica l  p i c t u r e  of  t h e  change i n  pulse  frequency 
during muscular a c t i v i t y .  
processes (according t o  da t a  on the  change i n  durat ion of the  card iac  cycle)  

During t h e  working-in per iod,  t he  t r a n s i e n t  
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are pr imar i ly  aper iodic ,  but apparent ly  they may be o s c i l l a t o r y  i n  na ture  as 
well. The durat ion of  t h e  "searchff f o r  an optimal ca rd iac  rhythm f o r  given 
work may reach one-half minute, it being shor t e r ,  t h e  more in t ens ive  t h e  work 
(N. V. Zimkin and S. A. Razumov, 1965). 

A t  t h e  s teady  state, t h e  Barcroft  phenomenon becomes not iceable ,  which 
cons i s t s ,  as appl icable  t o  the  pulse  frequency, i n  t h a t  t h e  expression of t h e  - /48 
physiological  arhythmia of t h e  pulse  ( r e sp i r a to ry  and s tochas t i c )  during 
muscular work is considerably decreased. Thus, whereas at rest t h e  v a r i a t i o n  
coe f f i c i en t  of  t h e  dura t ion  o f  t h e  card iac  cycle  amounts t o  5-9%, under work 
condi t ions t h e  value of t h i s  index of arhythmia decreases t o  1.0-1.5% 
(A. G. Falaleyev, 1964; V. M. Za ts iorsk iy  and S. K. Sarsaniya,  1964). 

c 

Figure 4 .  Change i n  Frequency o f  Heart Contractions 
During IO-km Run ( rad io te lemet r ic  data o f  V. V. Vasi1'- 

yeva and V. P.  Pravosudov, 1965) 

V. M. Za ts iorsk iy  and S. K. Sarsaniya (1964-1966) performed a spec ia l  
i nves t iga t ion  of  t h e  arhythmici ty  of  card iac  a c t i v i t y  d i r e c t l y  during 
physical  loads.  
t h e  card iac  cycles  i n  t h e  s teady-s ta te  condi t ion t o  au tocorre la t ion  ana lys i s .  
They discovered a slow o s c i l l a t o r y  component i n  the  change i n  durat ion of t h e  
card iac  cycle with a per iod of  an average of  25-30 sec.  
of arhythmicity are apparently r e l a t e d  t o  f l u c t u a t i o n s  i n  t h e  sympathetic 
tonus. 

The authors  subjected the  cont inual  changes i n  durat ion of  

These slow "waves" 

With otherwise equivalent  condi t ions,  s t a b i l i z a t i o n  of t h e  frequency o f  
card iac  cont rac t ions  depends on the  l eve l  of t r a i n i n g  of t he  t e s t  subjec t .  
The performance of i d e n t i c a l  work, according t o  the  da t a  of A. N.  Krestov- 
nikov (1951), A. A. Arutsev (1963), V. V. Vasil 'yeva and V. P .  Pravosudov 
(1963) and o the r s ,  is completed f o r  well  t r a ined  a t h l e t e s  with a lower 
card iac  rhythm than i s  t h e  case with i n s u f f i c i e n t l y  t r a i n e d  a t h l e t e s .  
optimal zone o f  pulse  frequency during in t ens ive  muscular work can be taken 
as 160-190 bea ts  p e r  minute. 
increases ,  t h e  performance of  t h e  same work occurs a t  r e l a t i v e l y  lower pulse  

The 

A s  t h e  s ta te  of  t r a i n i n g  of a test  subjec t  
- /49 
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r a t e  (Brouha, 1960). N. A. Stepochkina (1965) showed t h a t  during extended, 
intensive-  work by persons t r a ined  f o r  endurance, t h e  i n i t i a l  increase i n  
hear tbeat  is  more sharply expressed than i n  a cont ro l  group, while by t h e  end 
of t h e  work t h e  reverse  r e l a t ionsh ip  i s  observed. 

The na ture  and degree of  expression o f  changes i n  the  cardiac rhythm 
during muscular work a r e  influenced i n  a c e r t a i n  way by t h e  sex and age of  
t he  t e s t  sub jec t s  (Christensen, Hogberg, 1950; Astrand, 1952; R. Y e .  Moty- 
lyanskaya, 1956; Brouha, Radford, 1960; e t c . ) .  Young people show a higher  
reac t ion  t o  load than mature persons. 
r e l a t i v e l y  higher  during work. 

In  women the  pulse  frequency is  

Under condi t ions o f  muscular a c t i v i t y ,  synchronization on t h e  one hand 
o f  t he  rhythm of  card iac  cont rac t ions  and on t h e  o the r  hand of the  r e s p i r -  
a t ion  rhythm may be observed (A. A. Rutsev, 1963; e t c . )  and t h e  rhythm of 
t h e  physical  work (V. E. Nagornyy, 1964). 

Blood Pressure 

Muscular work i s  accompanied by r egu la r  changes i n  t h e  blood pressure  i n  
var ious sec to r s  of  t he  cardiovascular  system. 
e t  a l .  (19591, Rushmer (1961) showed t h a t  during physical  loading the  
s y s t o l i c  pressure  i n  t h e  l e f t  v e n t r i c l e  increases  markedly. Also, a 
considerable increase  i n  t h e  r a t e  o f  t h e  i n t r a v e n t r i c u l a r  pressure r i s e  i s  
noted. A l l  of  t h i s  i nd ica t e s  an increase  i n  c o n t r a c t a b i l i t y  of  t he  myo- 
cardium. In the  d i a s t o l e ,  f l uc tua t ions  i n  i n t r a v e n t r i c u l a r  pressure  increase  
comparatively due t o  a decrease i n  the  i n i t i a l  and increase  i n  the  f i n a l  
d i a s t o l i c  pressures .  
(Rushmer, 1961). 

In  animal experiments Chapman 

The mean pressure i n  t h e  l e f t  atrium changes l i t t l e  

In recent  t imes,  a number of inves t iga t ions  have been performed i n  which 
changes i n  the  pressure  i n  the  r i g h t  sec t ions  of t he  h e a r t  and pulmonary 
a r t e r y  were s tud ied  during muscular work Musshoff e t  a l . ,  1957; Granath, 
S t r ande l l ,  1964; Widimsky e t  a l . ,  1965; e t c . ) .  Test  sub jec t s  were subjected 
t o  veinous ca the te r i za t ion  of  t he  hea r t .  In these  inves t iga t ions  it was 
es tab l i shed  t h a t  t he  s y s t o l i c  pressure  i n  the  r i g h t  v e n t r i c l e  increases  
r egu la r ly  during work. 
increases  very l i t t l e .  
increased. 
does not  exceed 20 mm Hg. During in t ens ive  work, t he  pressure  may be 
e s s e n t i a l l y  higher .  

However, t h e  mean pressure  i n  t h e  r i g h t  atrium 
The pressure  i n  t h e  pulmonary a r t e r y  i s  a l s o  

During l i g h t  physical  work, t he  pressure  i n  t h i s  vesse l  usua l ly  

Inves t iga t ion  of t h e  systemic a r t e r i a l  p ressure  under conditions of  
muscular work has been conducted f o r  some t i m e .  Most of  such works were 
performed by measuring t h e  a r t e r i a l  p ressure  by t h e  auscu l t a t ive  method. 
t h i s  case,  an increase  i n  t h e  m a x i m u m  and decrease i n  t h e  minimum a r t e r i a l  
pressures  have genera l ly  been noted. However, i n  recent  years ,  da t a  have 
been produced showing low s u i t a b i l i t y  of t h e  auscu l t a t ive  method t o  measure- 
ment o f  a r t e r i a l  p ressures  under condi t ions of  muscular work. The problem is 
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Pressure 
i n  

b rach i  a1 
a r t e r y  

t h a t  the  maximum pressure w i l l  be a r t i f i c i a l l y  e levated due t o  an increase i n  
t h e  so-cal led hemodynamic impact, while t he  minimal pressure w i l l  be 
a r t i f i c i a l l y  decreased. 

Dur inq 10' min A f t e r  50 min 

L i m i t s  o f  
. work I /work 

~~ 

A t  r e s t  

Mean L i m i t s  o f  Mean L i m i t s  o f  
f l u c t u a t i o n  f l u c t u a t i o n  f l u c t u a t i o n  

Freser  and Chapman (1954), Holmgren (1956), Astrand e t  a l .  (1965), 
Tabakin e t  a l .  (1965), Widimsky e t  a l .  (1965) measured t h e  a r t e r i a l  pressure 
during muscular work by introduct ion of a c a t h e t e r  t o  the  a r t e ry ,  connected 
t o  an electromanometer. In  these  works, an increase both of t he  maximum and 
of  the  mean and minimum pressures  were observed. 
i n i t i a l  sharp increase i n  pressure i s  usual ly  observed, followed by something 
of a decrease. For example, during performance of steady work (power 
averaging 1200 kg-m/min) Ekelung and Holmgren (1964) produced the following 
changes i n  pressure i n  the  shoulder a r t e r y  (Table 3 ) .  

In  the  steady s t a t e ,  an 

S y s t o l i c  
D i a s t o l i c  
Mean 

T A B L E  3 .  CHANGE I N  A R T E R I A L  PRESSURE DURING MUSCULAR WORK 
(ACCORD1 NG TO EKELUNG AND HOLMGREN) 

116.7 105-132 167.8 141-188 145.3 117-165 
70.8 60-R7 79.8 71-10? 71.7 60-81 

88.2 77-103 104.7 A5-128 94.2 76-104 

I I I I I I 

With otherwise equivalent conditions,  t he  increase i n  a r t e r i a l  pressure 
In well t r a i n e d  persons, t h e  depends l i n e a r l y  on t h e  increase i n  load. 

increase i n  a r t e r i a l  p ressure  i s  less sharply expressed than i n  untrained 
persons performing t h i s  same muscular work. 
a t i c  t r a in ing ,  t he  reac t ion  of a r t e r i a l  pressure t o  t h e  same physical load i s  
decreased. 

Under the  inf luence of system- 

Astrand e t  a l .  (1965), V. V. Vasil 'yeva (1966) discovered regional 
spec i f i c s  i n  the  increase i n  a r t e r i a l  pressure during the  work of various 
muscle groups. 
pressure i n  the  a r t e r i e s  of t h e  arms increases  more intensively.  
other  hand, when the  arms work, the  a r t e r i a l  pressure i n  the r e s t i n g  lower 
extremit ies  i s  increased r e l a t i v e l y  more. The mechanism of these  regional 
changes i s  not qu i t e  c l e a r .  
per ipheral  res i s tance  i s  increased i n  t h e  nonworking extremit ies ,  explain t h e  
r e l a t i v e  increase i n  pressure by an addi t ive  mechanism: 
pulse  pressure i s  r e l a t i v e l y  high due t o  t h e  addi t ion o f  cent r i fuga l  waves 
and cen t r ipe t a l  waves r e f l e c t e d  from the  periphery.  

For example, it was found tha t  when the  legs  work, t h e  
On the  

- /51 
Swedish authors,  based on the  f a c t  t h a t  the 

t h e  s y s t o l i c  and 

N. A. Stepochkina (1966) explains t h i s  fact  d i f f e ren t ly .  In the  working 
extremity, due t o  expansion of t he  a r t e r i o l e s ,  blood flow is  r e l a t i v e l y  
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accelerated ( the  l i n e a r  rate o f  blood flow i s  increased).  A s  a r e s u l t  of 
t h i s ,  i n  correspondence t o  Bernoul l i ' s  equation, t h e  pressure on t h e  wall of 
t h e  vessel  is  decreased. 

In a spec ia l  experimental i nves t iga t ion  Cerretel l i  and o the r s  (1964) 
noted an increase i n  t h e  c e n t r a l  veinous pressure.  With moderate muscular 
work, t h i s  increase i s  proport ional  t o  t h e  increase i n  oxygen consumption. 
However, f u r t h e r  increase i n  t h e  oxygen consumption occurs a t  constant 
(increased) c e n t r a l  veinous pressure.  

Blood Volume per Beat, p e r  M i n u t e ,  and Residu,al  Volume 

An increase i n  t h e  blood volume p e r  beat  pumped by t h e  hea r t  during t h e  
s y s t o l e  i s  one of t h e  most important mechanisms of adaptation o f  t he  
c i r c u l a t i o n  t o  conditions of  muscular a c t i v i t y .  
volume p e r  bea t ,  together  with the  h e a r t  rhythm, determines t h e  value o f  t h e  
p r inc ipa l  hemodynamic parameter -- t h e  blood c i r c u l a t e d  p e r  minute, an 
increase i n  which i s  necessary f o r  t h e  performance o f  physical  work. 

The problem is  t h a t  t h e  

An increase i n  t h e  volume p e r  beat  is  achieved by t h e  i n t e r a c t i o n  o f  
various regulatory systems which adapt t h e  work o f  t h e  c i r c u l a t o r y  apparatus 
t o  t h e  demands placed by t h e  working organs and t i s s u e s  during physical 
exercise .  
and ino t rop ic  neuro-humoral s t imulat ion o f  t h e  myocardium. 
increased power o f  contract ion o f  t h e  ca rd iac  muscle i n  t h i s  case, more 
complete emptying of t h e  h e a r t  i s  achieved using t h e  r e s idua l  blood volume. 
I t  i s  possible  t h a t  a d e f i n i t e  r o l e  i n  t h e  increased c o n t r a c t a b i l i t y  o f  t h e  
myocardium belongs t o  t h e  mechanism o f  s e l f - r egu la t ion  of t h e  h e a r t  according 
t o  Frank -- a reinforcement of t h e  contract ion o f  t he  myocardium by increased 
f i n a l  d i a s t o l i c  pressure i n  t h e  v e n t r i c u l a r  cavit ies.  This increase i n  
pressure i n  t h e  l e f t  v e n t r i c l e  was recorded by Rushmer e t  a l .  (1959) i n  a 
chronic experiment with dogs performing work on a treadmill. 

The most important fact  here is  apparently t h e  p o s i t i v e  chrono- 
Due t o  t h e  

The degree of increase i n  s y s t o l i c  blood volume during stress depends on - /52 
a l a rge  number of f a c t o r s .  
i n  t h e  steady s t a t e  i s  determined t o  a considerable extent  by t h e  power o f  
t h e  work being performed. 
who noted t h a t  t h e  increase i n  cardiac output i s  proport ional  t o  some extent  
t o  t h e  increase i n  work power (up t o  150 w ) .  Heavier work (power up t o  
250 w) can be supported by r e l a t i v e l y  smaller volumes p e r  bea t .  
i n  volume pe r  minute is  achieved i n  t h i s  case by progressive increase i n  
pulse  frequency. 

Thus, t h e  degree o f  increase i n  volume p e r  beat  

These da t a  were produced by Musshoff e t  aL. (1957), 

The increase 

The increase i n  volume p e r  beat  during work depends a l s o  on t h e  s t a t e  o f  
t r a i n i n g  of t he  tes t  subject  (Asmussen, Nielsen, 1955; Musshoff, Reindell  e t  
a l . ,  1957; e tc . ) :  with otherwise equivalent conditions , i n  t r a i n e d  persons 
the  cardiac output during stress is  higher  than i n  heal thy but  untrained 
persons. 
work accompanied by oxygen consumptions of only 1 R/min, but remains constant 
with f u r t h e r  i n t e n s i f i c a t i o n  o f  t h e  stress. In  women, t h e  increase i n  volume 

In  untrained persons t h e  volume p e r  beat  reaches 100-125 mR during 
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per  bea t  during muscular a c t i v i t y  i s  comparatively lower than i n  men. 
example, t h e  maximum increase  i n  card iac  output i n  women was recorded as 
161 mR, i n  men -- 209 mR (Christense'n, 1951). 

For 

In  recent  years ,  of course,  it has  become c l e a r  j u s t  how t h e  increase  i n  
volume pe r  bea t  i s  achieved under loading condi t ions.  
produced i n  ana lys i s  of  t he  changes i n  s y s t o l i c  dimensions of t h e  h e a r t -  
during muscular work. Kjel lberg e t  a l .  (1949), Asmussen and Nielsen (1955) 
and o the r s  have shown t h a t  t h e  f i n a l  s y s t o l i c  dimensions of  t h e  hea r t  
decrease regular ly .  Consequently, t h e  increase  i n  card iac  output during 
physical  stress occurs p r imar i ly  by more complete emptying of t h e  v e n t r i c l e s ,  
i . e . ,  by using t h e  r e s idua l  blood volume. 

The key t o  t h i s  was 

The physiological  s ign i f i cance  of t h e  r e s idua l  volume of t he  hea r t  i s  
demonstrated during phys ica l  stress, when an increase  i n  card iac  output with 
a sharp increase  i n  pulse  i s  impossible t o  explain by t h e  increase  i n  f i n a l  
d i a s t o l i c  volume of t h e  v e n t r i c l e s .  
r e s idua l  volume i s  t o  some exten t  a measure of t h e  func t iona l  reserve  of t h e  
hea r t  ( f o r  i t s  s p e c i f i c  funct ion):  
hea l thy  h e a r t  a t  r e s t ,  t h e  g r e a t e r  t h e  volume pe r  bea t  which can be outpdt 
from t h e  h e a r t  during work. 
increase  i n  h e a r t  volume i n  h ighly  t r a i n e d  a t h l e t e s ,  p a r t i c u l a r l y  those 
t r a ined  f o r  endurance (S. P.  Letunov, 1957; Reindell  e t  a l . ,  1960; Medved, 
1965; Yu. A.  Borisova, 1967; e t c . ) .  The usage o f  t he  r e s idua l  volume during 
muscular work occurs as follows. A t  t h e  beginning of work, as Durand e t  a l .  
showed (1960), t h e  r e s idua l  volume decreases almost t o  zero,  then increases  
s l i g h t l y ,  but remains lower than a t  r e s t .  

Under these  condi t ions,  t h e  value of 

t he  higher  t h e  r e s idua l  volume of  a 

This forms t h e  physiological  foundation f o r  t he  

- /53 

During t h e  process  of performance of muscular work, t he  volume pe r  bea t  
usua l ly  increases  a t  t he  beginning, then reaches i t s  maximum, determined by 
t h e  s i z e  of the  h e a r t  and t h e  na ture  of t he  work performed. The value of 
volume p e r  bea t  approaches t h e  maximum f o r  a given t e s t  subjec t  when t h e  
card iac  rhythm has reached 110 bea ts  pe r  minute. 
reaches only 40% o f  t h e  ind iv idua l  maximum value a t  t h i s  po in t  (Astrand, 
1964). 

The consumption of oxygen 

Further  performance of muscular work i s  usua l ly  accompanied by a s l i g h t  
decrease ( in  comparison with the  maximum value) of t he  volume per  beat .  
Ekelung and Holmgren (1964) noted t h a t  when work was performed f o r  one hour 
at 650-1200 kg-m/min, t h e  volume pe r  bea t  sometimes decreased t o  t h e  i n i t i a l  
values of t h e  r e s t  s ta te  o r  became even somewhat lower. 

Asmussen and Nielsen (1955) showed t h a t  during work accompanied by t h e  
consumption of oxygen a t  over 2 R/min, t he  volume pe r  beat of  t r a ined  persons 
reaches a constant  value on t h e  order  of 160-170 mR. If the  i n t e n s i t y  o f  
muscular s t r e s s  i s  such t h a t  t he  consumption of oxygen reaches 3.5 R/min, t he  
volume pe r  bea t  begins t o  decrease,  re turn ing  t o  i t s  i n i t i a l  value (Tabakin 
e t  a l . ,  1964). Generally an analogous dynamic p i c t u r e  of  t he  change i n  
volume p e r  beat ( increase  of t h i s  i nd ica to r  during l i g h t  work with subsequent 
decrease r i g h t  down t o  t h e  i n i t i a l  value a t  r e s t  during heavy work) was 
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observed by C e r r e t e l l i  and coauthors (1964), Ulmer and Berta (1964), Rossier 
and Buhlmann (1965), etc. It is  i l l u s t r a t e d  by Figure 5. 

F i g u r e  5. Change i n  Volume per Beat ( i n  mR per 
kg w e i g h t )  w i t h  an Increase i n  Work (experimental data 
of  C e r r e t e l l i  e t  a l . ,  1965). T h e  amount o f  work was 
j u d g e d  by t h e  consumption o f  oxygen ( i n  mR per m i n u t e  

per  kg of animal w e i g h t ) .  

The mechanism of  t h e  r e l a t i v e  decrease i n  volume pe r .bea t  during work i s  
not q u i t e  c l e a r .  In  any case,  t h i s  f a c t  cannot be r e l a t e d  t o  the  increase  i n  
pulse  frequency and as a r e s u l t  of  t h i s  -- t he  sharp decrease i n  the  per iod 
of  f i l l i n g  of t h e  v e n t r i c l e s .  Thus, S a l t i n  (1964) during long (3-hour) and 
heavy (oxygen consumption 75% of t h e  maximum indiv idua l  value) muscular work 
observed a gradual decrease i n  t h i s  f ac to r .  The pulse  frequency f luc tua ted  
most f requent ly  between 160 and 180 bea ts  pe r  minute, i . e . ,  was q u i t e  far 
from the  extreme value.  

I t  might be thought t h a t  i nconnec t ion  with the  development of f a t i g u e ,  
t h e  c o n t r a c t a b i l i t y  of  t h e  myocardium decreases s l i g h t l y  and t h e  u t i l i z a t i o n  
of  res idua l  blood volume a l s o  decreases.  

Certain s p e c i f i c s  are inherent  t o  t h e  expression of changes i n  card iac  
output as a funct ion of  t h e  pos i t i on  of  t he  body of t h e  t e s t  subject  during 
t h e  performance of muscular work (Wang e t  a l . ,  1960). The f ac t  i s  t h a t  a t  
r e s t  i n  t he  v e r t i c a l  pos i t i on  the  volume pe r  bea t  i s  approximately 40% lower 
than i n  the  prone pos i t i on .  I t  i s  for t h i s  reason t h a t  during muscular work 
performed i n  t h e  v e r t i c a l  pos i t i on  the  card iac  output i s  r e l a t i v e l y  low. 
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With s t a t i c  s t r e s s ,  t h e  change i n  volume pe r  beat  d i f f e r s  s l i g h t l y  from 
t h a t  described above (V. V. Skryabin, 1950; A. N. Vorob'yev, 1961). The f a c t  
i s  t h a t  under condi t ions o f ,  f o r  example, p ress ing  of  weights, i n  connection 
with t h e  pressure  t h e  in t r a -a lveo la r  and in t r ape r i tonea l  pressures  increase.  
As a r e s u l t  of t h i s ,  t he  blood flow through the  r e s p i r a t o r y  c i r cu la t ion  is  
sharp ly  decreased and t h e  a r r i v a l  of blood a t  t h e  l e f t  v e n t r i c l e  i s  i n s u f f i -  
c i en t  (as occurs i n  t h e  Valsalva experiment). With t h i s  hemodynamic 
s i t u a t i o n ,  t he  volume p e r  bea t  may be decreased, sometimes q u i t e  e s s e n t i a l l y  
(an increase  i n  the  volume p e r  minute i s  achieved i n  t h i s  case by sharp 
tachycardia) .  
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Under the  influence of t r a in ing ,  a compensatory c a p a b i l i t y  f o r  increased 

Due t o  t h i s ,  as t h e  blood content of 
pooling of blood i n  t h e  capillary-veinous port ion of t he  r e s p i r a t o r y  
c i r c u l a t i o n  i s  apparently developed. 
t he  l e f t  v e n t r i c l e  is  increased, t he  blood volume per  beat  even s l i g h t l y  
increases  (A. N .  Vorob'yev, 1961). 

The e f fec t iveness  of cardiac hyperfunction during muscular a c t i v i t y  can 
be objec t ive ly  evaluated on t h e  bas i s  of the  ca lcu la ted  external  mechanical 
work of t he  hea r t  (A): 

In t h i s  formula, an ana lys i s  of which is given below, the  value of PV i s  
the  s ta t ic  component of the2work of t he  hea r t ,  expended t o  overcome the  input 
r e s i s t a n c e  i n  the  aor ta ,  mv /2g i s  the  k i n e t i c  component of t he  work of  the  
work of t h e  hear t  expended t o  accelerate the  blood column i n  the  aorta .  
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During muscular a c t i v i t y ,  t he  mechanical work per  beat  is increased both 
i n  i t s  s ta t ic  and k i n e t i c  components. The increase of t he  k i n e t i c  component 
of t h e  work of t h e  l e f t  v e n t r i c l e  i s  sharper,  due t o  t h e  considerable l i n e a r  
acce lera t ion  of t he  blood flow. 

Increasing the  volume o f  blood c i r cu la t ion  per  minute i s  the  pr inc ipa l  
mechanism of adaptation of t he  organism of t h e , a t h l e t e  t o  physical  loads. 
The volume per  minute i s  .an i n t e g r a l  parameter of c i r cu la t ion ,  t he  value of 
which depends on a number of vegetat ive functions.  
from the  classical equation of F i c k  (1870): 

This e s s e n t i a l l y  follows 

where Vm and Vs are the  volume p e r  minute and volume p e r  beat  of blood 

respec t ive ly  , 

di f fe rence  i n  oxygen. 

i s  the  oxygen consumption, AVD i s  the  a r te r ia l -ve inous  
vo2 

An experimental ana lys i s  of equation ( 6 )  has shown t h a t  under conditions 
of muscular work, t he  blood c i r c u l a t i o n  volume per  minute depends l i n e a r l y  on 
the  value of oxygen consumption (Astrand e t  a l . ,  1964; Asmussen, Nielsen, 
1955; Brouha, Redford, 1960; e t c . ) .  

Considerably l e s s  d e f i n i t e  da ta  a r e  ava i lab le  on the  re la t ionship  of 
t h e  blood c i r cu la t ion  volume per minute on the  one hand and t h e  volume per 
beat and pulse frequency on the  other .  
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The cont r ibu t ion  o f  an increase  i n  volume pe r  bea t  t o  the  increase i n  
volume pe r  minute i n  blood c i r c u l a t i o n  has  been estimated d i f f e r e n t l y .  Thus, 
many authors  (Christensen, 1937; Chapman, Freser ,  1954; G. I .  Markovskaya, 
1955; Musshoff e t  a l . ,  1957; Chapman, 1960; e t c . )  have found t h a t  an increase 
i n  card iac  output has an important r o l e  t o  play i n  increasing t h e  volume of 
blood c i r c u l a t i o n  i n  t h e  c i r c u l a t o r y  system. On t h e  o the r  hand, i n  a series 
of  experimental and c l in ica l -phys io logica l  inves t iga t ions  (Rushmer, 1959; 
Holmgren e t  al . ,  1960; Wang e t  a l . ,  1960; V. V. Vasil 'yeva,  1964; Widimsky 
e t  a l . ,  1965; e t c . )  only a very s l i g h t  increase  i n  the  blood volume pe r  beat 
was detected during work, and the  increase  i n  volume per  minute under these  
condi t ions was r e l a t e d  pr imar i ly  t o  t h e  increase  i n  pulse  frequency. This 
l a t t e r  po in t  of view apparent ly  i s  b e t t e r  founded, s ince  a la rge  number of  
works i n  recent  times performed a t  a high methodological l eve l  have ind ica ted  
t h e  comparatively s l i g h t  increase  i n  the  volume pe r  bea t  during in tens ive  
physical  loads,  while a t  t h e  same time the  blood volume p e r  minute and 
card iac  rhythm show a high degree of co r re l a t ion  under condi t ions of work. 

In conclusion we note  t h a t  works of  recent  years  dedicated t o  t h e  change 
i n  the  value of volume p e r  minute under condi t ions o f  muscular a c t i v i t y  do 
not  confirm t h e  o ld  da t a  concerning the  increase  i n  t h i s  i nd ica to r  of up t o  
40-45 R/min and higher .  The maximum values  of volume pe r  minute apparently 
do not  exceed 25-30 R/min. 
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Phases o f  the  Cardiac Cycle 

The inves t iga t ion  of  phase s h i f t s  d i r e c t l y  during muscular a c t i v i t y  
began t o  be performed comparatively r ecen t ly  (V. L. Karpman and 
Yu. K. Shkhvatsabaya, 1962; Yu. K. Shkhvatsabaya, 1964; V.  A. Tish le r  and 
0. N.  Belina, 1964; S t r ande l l ,  1964). E a r l i e r ,  at tempts were made t o  judge 
changes i n  t h e  phase s t r u c t u r e  only by comparing da ta  a t  r e s t  and da ta  
recorded a f t e r  completion of muscular work (Lehmann, Steinhaus,  1933; 
Blumberger, 1942; V. L.  Karpman, 1956; L. A. I o f f e ,  1962; e t c . ) .  

Under the  inf luence of in tens ive  muscular work (over 1200 km-m/min) a 
regular  change i n  t h e  dura t ion  of phases is  observed, which we c a l l  the  phase 
syndrome of hyperdynamia (V. L. Karpman, 1964). A shortening of a l l  s y s t o l i c  
phases i s  c h a r a c t e r i s t i c  f o r  t h i s  syndrome. 

The shortening of  t h e  i somet r ic  (isovolumetric) cont rac t ion  phase i s  
r e l a t e d  pr imar i ly  t o  an increase  i n  t h e  rate of  increase  i n  i n t r a v e n t r i c u l a r  
pressure.  
determined by the  in t ens i ty?  and durat ion of t he  muscular work. 

The degree o f  ex r e s s ion  o f  t he  shortening of t h i s  phase i s  
During 

. . - i ~ ?.. i_ - l=Tt ?ered t h a t  the- s z t r c h a r a c i k r  i st i c s fox t h e  cont rac t  i ve  
funct ion of t h e  h e a r t  have t h e  form of an S-shaped curve. 
follows t h a t  i n  t h e ' a r e a  of high powers of  mechanical work performed, e .g . ,  
on a b icyc le  ergometer, deviat ions of  t h e  parameters o f  cardiodynamics 
s tud ied  a r e  not  observed. Therefore,  we a r e  concerned with t h e  maximum devi- 
a t ion ,  maximum use of var ious funct ions of t h e  myocardium. 

From t h i s  f a c t  it 
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i n t ens ive  work, a s i t u a t i o n  is f requent ly  observed i n  which t h e  durat ion of 
t h e  isometr ic  cont rac t ion  becomes p r a c t i c a l l y  equal t o  zero. 
t h e  myocardium most e f f e c t i v e l y  takes  on a purely i s o t o n i c  na ture  i n  t h i s  
case -- t h e  expulsion of blood from t h e  h e a r t  occurs throughout t h e  e n t i r e  
mechanical sys to l e .  
t hese  condi t ions increases  i n  comparison with i t s  value at r e s t  by 
20-30 times. 
p ressure  during work (d i r ec t  measurements) and our own d a t a  on t h e  shortening 
of  t h e  isometr ic  cont rac t ion ,  w e  ca lcu la ted  t h a t  t h e  i n i t i a l  r a t e  of increase  
of pressure  i n  the  l e f t  v e n t r i c l e  can climb t o  40,000-50,000 mm Hg/sec. 

Contraction of 

The r a t e  of  increase  i n  i n t r a v e n t r i c u l a r  pressure  under 

Based on l i t e r a t u r e  d a t a  concerning changes i n  arterial  

The durat ion of t h e  expulsion per iod during in t ens ive  muscular work can 
be decreased by a f a c t o r  of almost 2 i n  comparison with i t s  durat ion at r e s t .  
The s h o r t e s t  dura t ion  of t h i s  phase was recorded as 0.12-0.13 sec.  
be noted here  t h a t  during t h e  t i m e  of expulsion t h e  volume pe r  minute, i . e .  
t he  t o t a l  durat ion of t h e  per iod of expulsion i n  one minute, increases ,  
according t o  average da ta ,  t o  24.9 sec  i n  p lace  of 15.4 sec  at r e s t .  

I t  should /57 - 

The shortening of t h e  t i m e  of expulsion i s  combined with an increase i n  
the  rate of expulsion of blood from the  hea r t .  Due t o  t h i s ,  the  volume of 
blood pe r  bea t  not  only i s  not decreased, but  i s  even somewhat increased ."  
The durat ion o f  t he  mechanical sys to l e ,  as follows f rom- the  above, is  a l s o  
e s s e n t i a l l y  decreased. 
average of up t o  95%. 
r e s t ruc tu r ing  of t h e  phase s t r u c t u r e  o f  t he  card iac  cycle  occurs. 
when the  durat ion of  t he  i somet r ic  contract ion becomes p r a c t i c a l l y  zero, t he  
i n t r a s y s t o l i c  i nd ica to r  reaches 100%. 

The i n t r a s y s t o l i c  i nd ica to r  increases  r egu la r ly  by an 
This means t h a t  during physical  work, most e f f i c i e n t  

In cases 

The processes  of shortening of the  durat ion of t he  p r inc ipa l  s y s t o l i c  
phases during in t ens ive  muscular work or t h e  curves o f  t r a n s i e n t  character-  
i.stics a r e  homogeneous and aperiodic .  In  a considerable f r a c t i o n  of t h e  
observat ions the re  i s  an i n i t i a l  jump on t h e  corresponding curves - -  the  
start  reac t ion .  For t h i s  type of t r a n s i e n t  processes ,  it has been found 
poss ib l e  t o  s e l e c t  experimental equations s a t i s f a c t o r i l y  approximating the  

descr ibing the  t r a n s i e n t  processes  f o r  t he  dura t ion  of t he  phase of i somet r ic  
contract ion and t h e  dura t ion  of  t he  expulsion phase f o r  condi t ions o f  
muscular a c t i v i t y  averaging 1500 kg-m/min: 

experimental da t a .  Thus, i n  1964 we produced two equations (Figure 6) - /58 

where A I C  and AE represent  t he  shortening of t h e  phases of isometr ic  contrac- 
t i o n  and expulsion respec t ive ly  ( i n  seconds), e i s  t h e  base of t he  na tu ra l  
logarithm, t i s  t h e  t i m e  of i nves t iga t ion  a f t e r  t h e  beginning of work ( i n  
seconds f o r  A I C  and i n  minutes f o r  AE). 
Yu. K. Shkhvatsabaya (1965), t he  deviat ion of experimental values  from 
ca lcu la ted  values  genera l ly  does not  exceed 20.03 sec.  

According t o  t h e  d a t a  o f  
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Figure 6 .  Change i n  Duration o f  Isometric Con- 
t r a c t i o n  Phase (IC) and Expulsion Phase (E) 
During Hard Work and Rest i tut ion.  

The steady s t a t e  f o r  t h e  duration of t h e  isometr ic  contract ion is  
achieved approximately twice as r ap id ly  as for t h e  durat ion of t h e  expulsion 
period (V. L. Karpman and Yu. K. Shkhvatsabaya, 1962). This i s  explained by 
t h e  fact  t h a t  t h e  shortening o f  t h e  isometr ic  contract ion is  d i r e c t l y  
r e l a t e d  t o  the  r e f l e c t o r  increase i n  c o n t r a c t a b i l i t y  o f  t h e  myocardium, while 
t h e  shortening of expulsion depends on s t a b i l i z a t i o n  o f  cardiac output. 

The duration o f  t h e  d i a s t o l e  i s  shortened during muscular work q u i t e  
sharply.  For example, with a pulse  frequency of 200 bea t s  p e r  minute (duration 
of cardiac cycle 0 .3  sec),  t h e  duration of t h e  d i a s t o l e  may be shortened t o  
0.10-0.11 sec. Since t h i s  t i m e  i n t e r v a l  includes t h e  duration o f  t he  period of 
r e l axa t ion  o f  t h e  myocardium, f i l l i n g  o f  t h e  v e n t r i c l e s  a t  t h i s  ra te  r equ i r e s  
only 0.05-0.06 sec. However, t h i s  time i s  q u i t e  s u f f i c i e n t  t o  f i l l  t h e  
chambers o f  t he  hea r t  with t h e  necessarya blood volume, since the  c ross  sec t ion  
of t h e  veinous apertures  i n  t h e  hea r t  i s  r a t h e r  g rea t  (on t h e  order  o f  5 cm2), 
and t h e  f i l l i n g  pressure i s  probably q u i t e  high with t h i s  tachycardia.  

The expression of phase s h i f t s  during physical stress depends t o  a 
c e r t a i n  extent  on the  power and volume of t h e  work performed. 
s h i f t s  have been described observed with work of  g r e a t  i n t e n s i t y .  
r e l a t i v e l y  lower i n t e n s i t y  (less than 1000 kg m/min), t h e  changes i n  t h e  
dynamics o f  cardiac contract ion are less sharply expressed. 
t h e  isometr ic  contract ion i s  no t  g r e a t ,  and never reaches i t s  maximal ex ten t .  
The ra te  o f  increase of i n t r a v e n t r i c u l a r  pressure increases  by only 
1 1/2-4 times. 

Thus, phase 
With work o f  

The shortening o f  
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The durat ion of t h e  expulsion per iod during low-intensi ty  work may 
remain unchanged f o r  some time. Sometimes it even increases  (Bowen, 1904; 
Jezek, 1964). However, most f requent ly  the  t r a n s i e n t  process constructed f o r  
t he  change i n  durat ion of  t h i s  per iod i s  two-phased i n  na ture :  
expulsion i s  somewhat lengthened, then begins t o  be shortened i n  comparison 
with the  durat ion o f  t h i s  per iod  a t  r e s t .  
with moderate muscular work r e f l e c t s  an increase  i n  card iac  output ,  while t h e  
subsequent shortening ind ica t e s  an increase i n  the  power of t h e  card iac  
cont rac t ion  with s t a b i l i z a t i o n  of card iac  output .  

a t  first t h e  - /59 

The i n i t i a l  lengthening of  expulsion 

Up t o  the  present ,  we have spoken of s t a b l e  operat ing modes o f  var ious - 
i n t e n s i t i e s .  With d i s c r e t e  work, however, t h e  following dynamics of expulsion 
i s  observed (Figure 7 ) :  during the  working cycle ,  t he  per iod of expulsion 
increases  on the  average, while during t h e  r e s t  cyc le ,  on the  contrary,  it 
decreases ( a l l  of t h i s  does not  hold t r u e  f o r  t h e  f i rs t  working cycle ,  when t h e  
normal r eac t ion  of  t h e  dura t ion  of expulsion per iod t o  physical  load i s  
observed). 
Schneider and Gottenlohner (1965), who noted a successive increase  i n  the  blood 

The b a s i s  f o r  t h i s  r e g u l a r i t y  apparent ly  i s  the  f a c t  discovered by 

volume p e r  beat  with each cycle  of work 
d i r e c t l y  re la ted '  t o  t h e  dura t ion  of t he  

L Y 3  L - ~ _______-___ _ _ _ L  _._.._..I_ 
L- -. . ._ . ._ .. . .. ---/ 
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Experiment 30 " 

F i g u r e  7. 
Period of Expulsion ( E )  w i t h  Dis- 
c r e t e  Work. Shaded squares repre- 
sent working per iod,  unshaded 

squares represent r e s t .  

Change i n  Duration o f  

( i n  t h e  d i s c r e t e  mode). This value is 
expulsion per iod .  

Electromechanical Relationships 

The dynamics o f  e l e c t r i c a l  
a c t i v i t y  of t h e  hear t  d i r e c t l y  
during t h e  time of muscular work 
bwgin t o  be inves t iga ted  as long 
ago as t h e  1930's (Knoll, 1933). 
However, more objec t ive  works have 
appeared comparatively r ecen t ly  
(Klepzig e t  a l . ,  1956; V. V.  Matov, 
1960; V. V. Rozenblat e t  a l . ,  1962; 
L. A. Butchenko, 1963-1966; 
0. N .  Belina,  1965; N .  A .  Stepoch- 
kina,  1965; e t c . ) .  These works 
have s tudied  the  changes i n  
electrocardiograms during t h e  
process of performance of physical  
work by a t h l e t e s  l .  

Under condi t ions of muscular - /60 
a c t i v i t y ,  due t o  the  sympathetic cont ro l ,  p o s i t i v e  chronotropic,  dromotropic 
and ino t rop ic  s t imula t ion  o f  t h e  myocardium are developed, and a shortening of 

m t - m p o r t a n t  ' invest igat ions-  undertaken by 
S. P. Letunov (1950, 1957) and h i s  colleagues,  as well  as a number of o the r  
authors ,  who recorded t h e  electrocardiograms only after the  completion of  t h e  
muscular work. 
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t h e  duration of most i n t e r v a l s  on t h e  electrocardiogram is  q u i t e  r egu la r ly  
noted1. 

The duration of t h e  "electrical  systole"  ( the  Q-T i n t e r v a l  on t h e  e l ec t ro -  
cardiogram) i s  e s s e n t i a l l y  shortened during ,muscular work. The degree o f  
shortening depends on t h e  i n t e n s i t y  o f  t h e  work and t h e  physical  s t a t e  of  
t r a i n i n g  of t h e  tes t  subjec ts .  
f requent ly  is  found t o  be unproportional t o  t h e  q u a n t i t i e s  ca l cu la t ed  by t h e  
formulas of Bazet t  (1920), Ashman (19421, etc. This lack of  correspondence 
arises i n  connection with t h e  inaccuracy o f  t hese  formulas during tachycardia 
[Bruschke e t  a l . ,  1965). Recently V. L. Karpman and 0. N .  Belina (1967) showed 
t h a t  t h e  following simple formula i s  s u i t a b l e  f o r  these purposes: 

The shortening of t h e  Q-T i n t e r v a l  most 

Q---T.-0,5G . C -1- 0,035, . (9) 

where C i s  t h e  duration of t h e  cardiac cycle i n  sec. 

During physical s t r e s s ,  regular changes i n  t h e  morphology o f  t h e  waves and 
i n t e r v a l s  o f  t h e  electrocardiogram are observed. 
P wave and a decrease i n  t h e  QRS complex a r e  noted. Frequently, synchronous 
displacement of t he  P-Q and S-T i n t e r v a l s  below the  i s o l i n e s  i s  noted 
(L.  A. Butchenko, 1963; N. A. Stepochkina, 1965; 0. N. Belina, 1965). I t  
has been suggested (G.  L. Lempert, 1963), t h a t  t h i s  displacement arises i n  
connection with s t r a t i f i c a t i o n  o f  t h e  negative a u r i c u l a r  wave T 

increases  during work, i n  the  s e c t i o n s  of t h e  electrocardiogram under 
discussion. 

Thus, an increase i n  the  

which a' 

The dynamics of t h e  T wave during t h e  process of performance o f  muscular 
work i s  c h a r a c t e r i s t i c .  
then during t h e  f irst  few minutes i s  increased (Klepzig e t  a l . ,  1956; 
L. A. Butchenko, 1963; V. V. Matov and I .  B. Surkina, 1964; N .  A. Stepochkina, 
1965; 0. N..Belina, 1965). 

A t  t h e  very beginning of work, t h i s  wave i s  f l a t t e n e d ,  

In our laboratory,  t he  dynamics of  t h e  T wave during work was subjected t o  
spec ia l  ana lys i s  by 0. N .  Belina. In t h i s  work, amplitude invariance o f  t h e  
wave was establ ished.  During work i n  t h e  steady s t a t e :  t h e  amplitude during 
loading was not  r e l a t e d  i n  any way t o  i t s  i n i t i a l  amplitude. During work, 
individual  v a r i a t i o n s  i n  t h e  amplitude o f  t h e  T wave detected a t  rest were 
smoothed t o  a considerable extent  (V. L .  Karpman and 0. N .  Belina, 1967). 

The mechanism of t h e  i n i t i a l  decrease i n  t h e  T wave is not  q u i t e  clear.  
We assume t h a t  t h e  phenomenon i s  r e l a t e d  t o  i n s u f f i c i e n t  a r r i v a l  of lactates t o  /61 
t h e  myocardium during the  working-in period. The fact i s  t h a t  during muscular 
a c t i v i t y  t h e  human h e a r t  consumes blood lactates rapidly.  According t o  t h e  

- .  

1- These quest.ions are discussed i n  g r e a t e r  deta-- 
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da ta  of Keul e t  a l .  (1964), t h e  coronary a r te r ia l -ve inous  d i f fe rence  i n  
lactates increases  rap id ly  during work ( i t  i s  c h a r a c t e r i s t i c  t h a t  t h e  coronary 
a r te r ia l -ve inous  d i f f e rence  i n  oxygen does no t  change i n  t h i s  case) .  The 
accumulation of  blood lactates occurs pr imar i ly  during muscular a c t i v i t y ,  
following an exponential l a w  according t o  the  da ta  of  N. I .  Volkov (1966), 
while t h e  concentration of  lactates i n  ar ter ia l  blood i s  not  grea t  during t h e  
working-in period. 

The electromechanical la tency of t h e  hear t  f requent ly  changes during 
muscular a c t i v i t y .  
shortening of t he  electrodynamic l a t e n t  per iod ( I .  N .  Ivanitskaya, 1965; . e t c . ) ,  
i . e .  t he  t i m e  i n t e r v a l  between t h e  beginning of  depolar izat ion of  t h e  myo- 
cardium and the  beginning of t h e  mechanical sys to l e .  
our colleague Z.  B. Belotserkovskiy, under conditions of physical  stress the  
electrokinematic la tency -- t h e  t i m e  i n t e r v a l  from the  beginning of  depolar- 
i z a t i o n  t o  t h e  beginning of  t h e  s y s t o l i c  transformation of t he  ven t r i c l e s  -- i s  
a l s o  decreased. This type of change i s  a r e f l e c t i o n  of s h i f t s  i n  metabolism, 
due t o  which t h e  propagation of t h e  cont rac t ive  process through the  f i b e r s  of  
t h e  cardiac muscle i s  accelerated.  

These changes are expressed pr imar i ly  as a ce r t a in  

According t o  t h e  da ta  of  

P 

During the  inves t iga t ion  of t he  time r e l a t ionsh ips  between the  beginning 
of t h e  I1 tone of t h e  hea r t  and t h e  end of t h e  T wave on the  electrocardiogram, 
a r b i t r a r i l y  taken as the  completion of t h e  e lec t r ica l  and mechanical sys to l e s  
(beginning of t h e  I1 tone corresponds t o  the  end of t he  pro todias to le ,  lagging 
0.03-0.04 sec behind t h e  ac tua l  end of t h e  mechanical sys to l e ) ,  during work 
c e r t a i n  s p e c i f i c  f ea tu re s  are noted. Under rest conditions,  t he  I1 tone arises 
most f requent ly  after completion of t h e  T wave or  s l i g h t l y  leads the  end of t h e  
T wave (by 0.01-0.03 sec): During muscular a c t i v i t y ,  t he re  i s  a clear tendency 
toward displacement of t h e  I1 tone t o  t h e  l e f t  i n  r e l a t i o n  t o  the  end o f  t h e  
T wave. During heavy work, t h e  lead of t he  I1 tone over t h e  end of  t h e  T wave 
may reach 0.07 sec (K. M. Smirnov and N. V. Zaytseva, 1964), i . e . ,  t he  Hegglin 
phenomenon a r i s e s  (Hegglin, 1947). The physiological mechanism of t h e  forma- 
t i o n  of the Hegglin phenomenon under conditions o f  muscular work i s  t h a t  
during hyperdynamia of the  myocardium, the  mechanical sys to l e  i s  shortened more 
in tens ive ly  than the  e l e c t r i c a l  sys to l e  ( I .  N .  Ivanitskaya, L. A. I o f f e ,  
V. L.  Karpman, G:V. Sadovskaya, 1964; e t c . ) .  Thus, during muscular work the  
formation of the  Hegglin phenomenon i n  a t h l e t e s  i s  not  a pathological char- 
a c t e r i s t i c .  

Under conditions of muscular work, e lectr ical  a l t e rna t ion  of  t he  hea r t  may 
ar ise  (A. A. Beryukovich and V. M. Korol’, 1964; V. V. Matov and I. D. Surkina, 
1964). According t o  the  da ta  of 0. N .  Belina, i t  is  manifested as an e s sen t i a l  - /62 
o r  moderate deformation of t he  individual  QRS complexes. Alternat ion may be 
systematic (1 : l ;  1:2) o r  accidental .  In  the  first case, it i s  r e l a t ed  t o  the  
resp i ra tory  cycle (A. A. Beryukovich and V. M .  Korol’, 1964). 

Electrical  a l t e rna t ion  of  the  hea r t ,  a r i s i n g  during muscular work, i s  
usua l ly  not accompanied by changes i n  the  mechanical a c t i v i t y  of  the  hea r t .  
Extremely r a re ly ,  a combination of e l e c t r i c a l  and mechanical a l t e rna t ion  (of 
1:l type) may be observed. This type of a l t e rna t ion  is d i f f e ren t  from t h a t  
observed i n  c l i n i c a l  p rac t i ce ,  and is  not  accompanied by changes i n  the  phase 
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structure of the systole. 
conducted at the present time. 

Physiological investigations of this state are being 

Restitution 

Cessation of.muscular work is accompanied by a complex of cardio- and 
hemodynamic changes directed in the final analysis toward restoration of the 
level of functioning of the circulatory apparatus at its initial level or near 
it. The restoratory period is conveniently divided into three stages: 
restitution, restitution itself and the stabilization stage (V. L. Karpman, 
1964). 

early 

The stage of early restitution is brief, not occupying .over 30-60 sec 
after the completion of muscular work. This stage characteristically shows 
changes in cardiodynamics caused by a combination of a decrease in veinous 
blood return to the heart as a result of the cessation of the operation of the 
"muscular pump" on the one hand, and on the other hand by a continuation of 
intensive chrono- and inotropic stimulation of the myocardium. As a result of 
this, immediately after the completion of muscular work (we have in mind a 
sharp discontinuance of muscular work), a secondary shortening of the period of 
expulsion and 'the systole is observed (Yu. K. Shkhvatsabaya, 1964b), along with 
a decrease in the time of expulsion of the volume per minute (Sore, 1930), a 
sharp drop with a subsequent increase in the maximum pressure (Freser, 
Chapman, 1954), etc. 

During early restitution, after static effort, a phenomenon similar to 
that described by Lindgard for respiration -- secondary hyperfunction 
of the heart -- is observed. It is- caused by the fact that after the stress is 
relieved, the conditions of blood flow in the large veins and in the respir- 
atory circulation are normalized, the heart begins to be loaded by volume. 

During the second stage of the restoratory period, the magnitudes of 
various parameters of cardiodynamics are returned to values similar to the 
initial values. The end of this stage is characterized by stabilization of 
each parameter. 
able extent on the intensity and duration of the muscular work performed. 
course of the restoration of any given parameter of cardiodynamics is usually 
exponential. 
of factors: the power and volume of work performed, the position of the body 
during the restoratory period, the level of physical training of the test 
subject, efc. 
of cardiodynamics occurs best in the horizontal position, when no regulation of 
circulation according to the gravitational factor is encountered (V. L. Karpman 
and Yu. K. Shkhvatsabaya, 1962). 

The duration of the restitution itself depends to a consider- 
The 
- /63 

The duration of the stabilization stage depends on a large number 

It should be.noted at this point that the course of restoration 
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Regulation 

The b io logica l  system f o r  automatic regula t ion ,  under condi t ions of 
re la t ive qu ie t ,  supports  t h e  p r inc ipa l  parameters of  cardio-  and hemodynamics 
at a r a t h e r  constant  level (homeostatic r egu la t ion ) .  

Under condi t ions of physiological  per turba t ions ,  including muscular work, 
t h e  b io log ica l  automatic cont ro l  system regula tes  according t o  t h e  per turbing 
ac t ion .  
homeostasis a r e  inh ib i t ed  i n  t h i s  case (P..K. Anokhin, 1958; Braynes e t  a l . ,  
1962). 
i n i t i a l  por t ion  of  t h e  second s t age  of  r e s t i t u t i o n .  

The nervous cen te r s  regula t ing  t h e  a c t i v i t y  o f  t he  mechanisms of 

The i n h i b i t i o n  of  t hese  cen te r s  apparent ly  occurs only during t h e  

The regula t ion  of  t h e  card iac  a c t i v i t y  according t o  the  per turbing ac t ion  
under condi t ions of  muscular work i s  performed using a number of mechanisms 
beginning with the  mechanisms of s e l f - r egu la t ion  of t h e  hear t  and ending with 
c o r t i c a l  mechanisms. 

Among the  mechanisms of  s e l f - r egu la t ion  of  t h e  hea r t  involved during 
physical  loading a t  t h e  present  time we must include the  so-ca l led  heterometr ic  
and homeometric forms of  s e l f - r egu la t ion  (Mitchell ,  1963) performed a t  the  
l e v e l  of  t h e  con t r ac t ive  elements of  the  myocardium. 

The b a s i s  f o r  heterometr ic  s e l f - r egu la t ion  of  t h e  h e a r t  includes the  
mechanisms o f  Frank and S t a r l i n g ,  r e l a t i n g  t h e  reinforcement of  card iac  
cont rac t ions  t o  t h e  f i n a l  d i a s t o l i c  volume and pressure  i n  the  v e n t r i c l e s .  
These mechanisms apparent ly  have a d e f i n i t e  r o l e  t o  p l ay  i n  t h e  adaptat ion o f  
t h e  hea r t  t o  muscular work. Homeometric s e l f - r egu la t ion  of t h e  hea r t  (Sarnoff 
e t  a l . ,  1960) during muscular work r e l a t e s  t h e  reinforcement of  cardiac 
cont rac t ion  t o  t h e  increase  i n  pulse  frequency. I t  is based on the  well  known 
phenomenon o f  t h e  "Bowditch ladder" (Sarnoff e t  a l . ,  1960; Rozenbluet e t  a l . ,  
1959). Due t o  the  homeometric s e l f - r egu la t ion ,  cardfac  output can be increased 
during tachycardia  by more complete l i b e r a t i o n  of t h e  c a v i t i e s  of t he  hea r t  of  
blood with normal or even s l i g h t l y  decreased d i a s t o l i c  volume. The e f f ec t ive -  
ness  of t h i s  mechanism during physical  loads has not been completely s tud ied .  
The problem is t h a t  t he  increase  i n  frequency of  hea r t  cont rac t ions  due t o  
e l e c t r i c a l  s t imula t ion  ' (purely chronotropic inf luences on t h e  myocardium) i s  
accompanied by a decrease i n  blood volume pe r  bea t  (V. L. Karpman, 1965; 
Ross e t  al . ,  1965). The volume pe r  minute, as a r u l e ,  is  not  e s s e n t i a l l y  
changed. 

/ 64 - 

Also, t h e  r o l e  of another mechanism of  homeotropic se l f - r egu la t ion  of t h e  
hea r t  -- t he  Anrep mechanism -- i n  t h e  adaptat ion of c i r c u l a t i o n  t o  muscular 
work i s  not  q u i t e  c l ea r .  

I t  should be noted t h a t  changes i n  cardiodynamics r e s u l t i n g  from homeo- 
t r o p i c  se l f - r egu la t ion  o f  t h e  hea r t  have a l s o  been de tec ted  during s t imulat ion 
of .the sympathetic nerves (Rushmer e t  a l . ,  1959). In  addi t ion  t o  t h i s ,  
reinforcement of  card iac  cont rac t ions  s i m i l a r  t o  t h a t  observed during muscular 
work but  a t  normal frequency of  t h e  hea r t  beat  may occur during s t imulat ion of 
t h e  s t imula t ing  nerve of I. P. Pavlov. This f a c t  was obtained by 
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V. M. Pokrovskiy (1967) on t h e  b a s i s  of phase ana lys i s  d a t a .  By s t imula t ing  
t h i s  nerve i n  experiments on animals with unchamged pu l se  frequency, he noted 
phase s h i f t s  c h a r a c t e r i s t i c  f o r  t h e  syndrome of myocardial hyperdynamia. 

The nervous mechanisms of  card iac  regula t ion  during muscular work have 
been t r aced  a t  var ious l e v e l s  i n  t h e  nervous system. Thus, it has been shown 
t h a t  changes i n  cardiodynamics and hemodynamics s p e c i f i c  f o r  physical  s t r e s s  
a r e  produced not  only by s t imula t ion  of t h e  sympathetic nerves and nervous 
centers ,  but a l s o  by s t imula t ion  of  var ious s e c t o r s  of t h e  midbrain and 
hypothalamus (Rushmer et a l . ,  1959). 

The regula t ing  r o l e  of  t he  c e n t r a l  nervous system when the  ce reb ra l  
cor tex i s  t h e  con t ro l l i ng  element i n  changes i n  cardio-  and hemodynamics has 
been shown i n  a number of  domestic i nves t iga t ions  us ing  the  method of condi- 
t ioned  re f lexes .  Thus, t he  p o s s i b i l i t y  of  conditioned r e f l e x  increase  i n  t h e  
blood c i r c u l a t i o n  volume pe r  minute (K.  M. Smirnov, 1941), conditioned r e f l ex  
changes i n  electrocardiograms (S. P. Letunov, 1957), roentgenkymograms 
(N. V. Savina', 1952) have been shown, similar t o  those observed under condi- 
t i o n s  of muscular work. 

In conclusion, we note  t h a t  the  r eac t ion  of t h e  hea r t  t o  physical  s t r e s s  
is s t i l l  observed with complete demervation (Donald e t  a l . ,  1964). In t h i s  
case,  purely humoral regula t ion  of cardiodynamics i s  observed. Adrenaline and 
noradrenaline have been assumed t o  be among t h i s  type o f  r egu la to r  (changes 
r e s u l t i n g  from humoral r egu la t ion  occur with considerably more i n e r t i a  and a r e  
considerably l e s s  e f f i c i e n t  than those  changes ar i ' s ing under the  inf luence of 
normal funct ioning of t h e  b io log ica l  automatic r egu la t ion  system. 
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CHAPTER I 1  I 

BLOOD CIRCULATION AND THE STATE OF TRAINING 

ABSTRACT. 
one of t h e  most adequate and accura te  i n d i c a t o r s  of t he  
s t a t e  o f  phys i ca l  t r a i n i n g  o f  an a t h l e t e .  The lead ing  
d i a g n o s t i c  c h a r a c t e r i s t i c  o f  the  s t a t e  o f  t r a i n i n g  i s  n o t  
the  ampl i tude o f  the  r e a c t i o n  t o  a phys i ca l  load, b u t  
r a t h e r  the  type o f  reac t i on ,  t he  q u a l i t y  and r e l a t i o n s h i p s  
between changes i n  i n d i v i d u a l  f u n c t i o  a1 i n d i c a t o r s .  Tabu- 
l a r  da ta  a r e  presented i n d i c a t i n g  the  types o f  r e a c t i o n  t o  
be expected from a t h l e t e s  t r a i n e d  f o r  s t reng th ,  speed and 
endurance, i n  var ious  s t a t e s  o f  t r a i n  ng, t o  var ious  phy- 
s i c a l  loadings. 

The f u n c t i o n i n g  o f  t h e  ca rd iovascu la r  system i s  

The d e f i n i t i o n  o f  t h e  s t a t e  of t r a i n i n g  is  one o f  t he  p r inc ipa l  areas - /65 
f o r  t h e  work of t h e  s p o r t s  doctor.  
of t h e  s ta te  o f  t r a i n i n g  are c lose ly  r e l a t e d ,  s ince  a proper determination of 
t h e  s ta te  of t r a i n i n g  i s  not  only an important condition f o r  t h e  e f f ec t iveness  
of t h e  t r a i n i n g  process and achievement of high spor t s  r e s u l t s ,  but t he  
p r inc ipa l  means of preventing disrupt ions i n  the  s t a t e  of hea l th  r e l a t e d  t o  t h e  
appl icat ion of loads which do not correspond t o  the  funct ional  s t a t e  or l eve l  
of preparat ion of t h e  a t h l e t e .  

Testing t h e  state of hea l th  and development 

The s t a t e  of t r a i n i n g  manifests i t s e l f  i n  the  a b i l i t y  o f  t h e  human 
organism t o  withstand high physical  and mental stress, t o  react r ap id ly  and 
adequately’ to  demands by t h e  corresponding increases  i n  t h e  functions,  t o  
maintain a l e v e l  o f  a c t i v i t y  of t h e  organism achieved f o r  t h e  t i m e  required 
(while showing high working a b i l i t y  and maximum s p o r t s  r e s u l t s  under t h e s e  
condi t ions) ,  and t o  recover rap id ly .  The l e v e l  of t r a i n i n g  r e s u l t s  from a 
combination o f  c lose ly  i n t e r r e l a t e d  f a c t o r s  -- -the degree of physical ,  tech- 
n i c a l ,  t a c t i ca l  and mental preparat ion of t h e  a t h l e t e .  Therefore, t h e  most 
co r rec t  d e f i n i t i o n  of t h e  s ta te  o f  t r a i n i n g  i s  possible  only by combined 
e f f o r t s  of doctor and t ra iner ,  who, on t h e  b a s i s  o f  analysis  and comparison of 
var ious f a c t o r s ,  cha rac t e r i ze  t h e  preparedness of t he  a t h l e t e .  Medical methods 
o f  i nves t iga t ion  p l ay  a very important r o l e  i n  t h i s  process,  s ince  t h e  
functional s t a t e  o f  t h e  organism is  one of t h e  p r inc ipa l  components of t h e  
s t a t e  of. t r a i n i n g  general ly  changing i n  c lose  r e l a t i o n s h i p  t o  t h e  general l eve l  
of t r a i n i n g ,  r e s u l t i n g  from t h e  e n t i r e  t o t a l i t y  of influences touching t h e  / 6 6  human organism i n  t h e  process of physical  t r a i n i n g  and s p o r t s  t r a in ing .  - 

Systematic muscular a c t i v i t y  causes a corresponding physiological 
r e s t ruc tu r ing  of t h e  a c t i v i t y  of t h e  systems i n  the  organism. The funct ional  
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c a p a b i l i t i e s  o f  a l l  organs a r e  increased,  t h e  coordination mechanisms i n t e r -  
r e l a t i n g  the  motor and vegeta t ive  systems a r e  improved, compensatory-adaptation 
reac t ions  are s i g n i f i c a n t l y  expanded, etc. The corresponding changes i n  
ind ica to r s  r e f l e c t i n g  t h e  s ta te  of t h e  var ious func t iona l  systems, including 
q u i t e  importantly the  c i r c u l a t o r y  apparatus,  a r e  revealed during medical 
examination. 

During the  process of  development o f  t h e  state of t r a i n i n g ,  a c lose  
i n t e r r e l a t i o n s h i p  e x i s t s  a t  a l l  s tages  between the  motor and vegeta t ive  
functions.  The s a t i s f a c t i o n  of  t h e  demands of  t h e  organism during increased 
muscular a c t i v i t y  i s  poss ib l e  only with a corresponding reinforcement of  
c i r cu la t ion .  In  tu rn ,  systematic  muscular work f a c i l i t a t e s  an increase  i n  t h e  
func t iona l  capac i t i e s  and a constant  increase  i n  the  l i m i t s  of t he  working 
a b i l i t y  of  t h e  cardiovascular  system. 

The s t a t e  o f  t he  c i r c u l a t o r y  apparatus  l i m i t s  t he  working a b i l i t y  t o  a 
g rea t  extent  and i n  many cases  i s  t h e  e a r l i e s t  s igna l  o f  a decrease i n  working 
a b i l i t y .  For example, highly q u a l i f i e d  a t h l e t e s  i n  many cases  can r e t a i n  good 
adaptat ion o f  t h e  nervous and muscular apparatus t o  physical  s t r e s s  even after 
a c l e a r  worsening of  t he  func t iona l  s ta te  of  t h e  c i r cu la t ion  can be noted. The 
d is rupt ion  of t h e  optimal r e l a t i o n s h i p  between processes of  exc i t a t ion  and 
i n h i b i t i o n  i n  f a t i g u e  and over t ra in ing  r ap id ly  inf luences t h e  a c t i v i t y  of  t h e  
mechanisms regula t ing  c i r c u l a t i o n ,  causing discoordinat ion i n  t h e  a c t i v i t y  of 
var ious lengths .  A l l  of t h i s  i nd ica t e s  t h e  p a r t i c u l a r  s ign i f icance  of t h e  
func t iona l  i nves t iga t ion  of t h e  cardiovascular  system i n  connection with an 
evaluat ion o f  t h e  l e v e l  of  t r a i n i n g  and spor t s  a b i l i t y .  This i s  p a r t i c u l a r l y  
important f o r  types of  spo r t s  i n  which t h e  achievement of high r e s u l t s  involves 
t h e  necess i ty  of performing l a rge  volumes of  physical  work. 

The g rea t  s ign i f i cance  of t he  cardiovascular  system i n  t h e  provis ion of 
a d a p t a b i l i t y  of  t h e  organism t o  physical  s t r e s s  i s  t h e  reason f o r  the  
p a r t i c u l a r  i n t e r e s t  i n  the  study o f  t h i s  func t ion  during medical examination. 
This s ec t ion  i n  t h e  methodology of  medical examination of a t h l e t e s  i n  general  
and as concerns the  diagnosis  of t h e  s t a t e  of t r a i n i n g  i n  p a r t i c u l a r  has been 
developed i n  g r e a t  d e t a i l ,  which has been g r e a t l y  f a c i l i t a t e d  by many years  
i nves t iga t ion  of t he  workers of t h e  s e c t o r  of spo r t s  medicine of t h e  All-Union 
S c i e n t i f i c  Research I n s t i t u t e  f o r  Physical Cul ture ,  under the  leadership of 

Physical Cul ture  (A. G.  Dembo, L .  A. Butchenko, R. D. Dibner and o thers )  and 
q u i t e  r ecen t ly  by the  S t a t e  Central  Order of Lenin I n s t i t u t e  of Physical 
Culture (V. L. Karpman) as wel l  as a number of  o the r  i n s t i t u t i o n s .  

S. P. Letunov, and l a t e r  by t h e  Leningrad S c i e n t i f i c  Research I n s t i t u t e  f o r  - /67 

Although, as was s t a t e d  above, t he  func t iona l  s t a t e  of  t h e  c i r c u l a t o r y  
apparatus determines t o  a considerable  ex ten t  t h e  l eve l  of  spo r t s  a b i l i t y ,  i n  
many cases  considerable  divergences can be encountered. For example, sometimes 
a high r e s u l t  may be shown by an a t h l e t e  who has e i t h e r  not achieved t h e  b e s t  
i nd ica to r s  ( f o r  himself)  of t h e  func t iona l  s ta te  of c i r c u l a t i o n ,  or, on t h e  
o the r  hand, who has d e f i n i t e  func t iona l  de f i c i enc ie s  r e s u l t i n g  from over- 
f a t igue  or who manifests  t h e  i n i t i a l  phenomena of over t ra in ing .  
poss ib l e  due t o  the  high technica l  and t a c t i c a l  t r a i n i n g  of t h e  a t h l e t e ,  h i s  
grea t  motor experience,  t h e  g r e a t  stress o f  h i s  w i l l  and tremendous 

This becomes 
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compensatory c a p a b i l i t i e s  of  t h e  t r a i n e d  organism. 
seen i n  t echn ica l ly  complex forms of spo r t s  and i n  forms of s p o r t s  where many 
years  motor experience determines t h e  r e s u l t s  o f  competition. 
long-term dynamic observat ions of  such a t h l e t e s  always show t h a t  t h e  high 
r e s u l t s .  a r e  not s t a b l e .  I t  i s  d i f f i c u l t  t o  plan on an increase  i n  r e s u l t s  i f  
t h e  necessary adjustments are not  introduced t o  t h e  t r a i n i n g  process i n  a 
t imely  manner. 

Most f requent ly  t h i s  can be 

However, 

Frequently a t h l e t e s  do no t  show high r e s u l t s  even though t h e r e  is  a high 
In  these  cases ,  t he  reason must be sought i n  func t iona l  s ta te  of  c i r c u l a t i o n .  

t h e  na ture  o f  t h e  t r a i n i n g ,  which prevents  t h e  a t h l e t e  from r e a l i z i n g  h i s  
func t iona l  c a p a b i l i t i e s .  Consequently, t he  r e s u l t s  of motor a c t i v i t y  cannot be 
judged as t h e  unique and absolu te  c r i t e r i o n  of  t he  s t a t e  of  t r a i n i n g .  In  order  
t o  e s t a b l i s h  t h e  l e v e l  of  t r a i n i n g ,  it is  important t o  know not  only what work 
t h e  a t h l e t e  i s  capable of  performing and what r e s u l t  he can show, but  t h e  p r i c e  
which h i s  organism pays t o  achieve t h i s  r e s u l t .  
sometimes observed i n  p r a c t i c e  between t h e  evaluat ion of  t he  s t a t e  of t r a i n i n g  
according t o  da t a  on the  func t iona l  s ta te  of t h e  cardiovascular  system and t h e  
ex terna l  manifestat ions of working a b i l i t y  represents  only an apparent contra-  
d i c t i o n .  
combined work of  doc tor  and t r a i n e r ,  allowing var ious f a c t o r s  determining t h e  
l e v e l  of  t r a i n i n g  of t h e  a t h l e t e  t o  be compared, followed by proper ana lys i s  o f  
h i s  t r a i n i n g ,  determination of  t h e  t r u e  de f i c i enc ie s  i n  h i s  s t a t e  of t r a i n i n g  
and achievement of f u r t h e r  improvement i n  t r a in ing .  

Therefore, t h e  divergence 

The r eve la t ion  o f  such " inconsis tencies"  i s  q u i t e  valuable  i n  t h e  

The diagnosis  of  t h e  s t a t e  of t r a i n i n g  r equ i r e s  a spec ia l  methodology of 
medical examination. 
c i p l i n e s  and human physiology, t he  method of  medical examination of a t h l e t e s  
has a c l e a r l y  expressed s p e c i f i c  na ture ,  r e s u l t i n g  from t h e  necess i ty  of  
determining t h e  c a p a b i l i t i e s  of t h e  human organism under extreme condi t ions i n  
connection with i t s  motor a c t i v i t y :  g r e a t  ( f requent ly  l imi t ing )  physical  
s t r e s s .  

Based on t h e  general  pos i t i ons  of t h e  c l i n i c a l  d i s -  

- /68 

In  t h i s  chapter  w e  w i l l  not s e t  ourselves  t h e  goal of  expounding upon t h e  
c h a r a c t e r i s t i c s  of t he  s t a t e  of t r a i n i n g  based on da ta  from indiv idua l  methods 
of i nves t iga t ion  of t h e  c i r c u l a t o r y  apparatus,  s ince  t h i s  has  been done t o  some 
exten t  i n  t h e  presenta t ion  of  each method, but r a t h e r  w i l l  attempt t o  shed 
l i g h t  on c e r t a i n  of  t h e  most general  f a c t o r s  which should be taken i n t o  
considerat ion i n  s e t t i n g  up examinations and i n t e r p r e t i n g  the  da t a  produced. 

What are t h e  main p r i n c i p l e s  which should be used as a b a s i s  f o r  evalu- 
a t i n g  t h e  s ta te  of t r a i n i n g  using da ta  from a s tudy  of t h e  c i r cu la to ry  
apparatus of  a t h l e t e s ?  

The primary f a c t o r  i s  combined study, i . e .  comprehensive study of t he  
The a b i l i t y  o f  t h e  organism of an func t iona l  c a p a b i l i t i e s  of  t he  organism. 

a t h l e t e  t o  withstand high physical  s t r e s s e s  i s  provided by a complex, c lose ly  
i n t e r r e l a t e d  a c t i v i t y  of  a l l  organs and systems, by p rec i se  funct ioning of  t he  
regula tory  apparatus.  
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During the  process o f  systematic  t r a i n i n g ,  t h e  human organism adapts 
i t s e l f  t o  a constant increase  i n  t h e  demands which it must meet, responding t o  
them by r e s t ruc tu r ing  of  a l l  l i nks  i n  i t s  a c t i v i t y :  t h e  func t iona l  capabi l -  
i t i es  of a l l  organs and systems a r e  expanded, t he  h ighes t  coordinat ion is  
achieved i n  t h e  a c t i v i t y  of t h e  somatic and vegeta t ive  systems during physical  
s t r e s s e s .  This i s  a r e s u l t  p r imar i ly  of  conditioned r e f l e x  connections i n  the  
c e n t r a l  nervous system with t h e  motor apparatus and i n t e r n a l  organs, a r i s i n g  
and cons tan t ly  developing during t h e  process of  t r a i n i n g .  

The necess i ty  of  combined s tudy of t h i s  un i t a ry  a c t i v i t y  o f  t h e  organism, 
which determines i t s  a d a p t a b i l i t y  t o  physical  s t r e s s ,  r e s u l t s  t o  a considerable  
ex ten t  from the  fact t h a t ,  as dynamic observat ions have shown, improvement of  
var ious funct ions and var ious ind ica to r s  i n  t h e  process of  development of a 
s t a t e  of t r a i n i n g  does not  always occur a t  the  same time and i n  t h e  same 
d i r ec t ion .  This depends on a number of f a c t o r s ,  p r imar i ly  such f a c t o r s  as the  
age of  t he  t e s t  subjec t ,  t h e  i n i t i a l  l eve l  of  t r a i n i n g ,  individual  ap t i t udes ,  
t h e  type of spd r t  involved, t he  per iod and primary d i r e c t i o n  of  t r a i n i n g ,  etc. 

The evaluat ions of t h e  func t iona l  s t a t e  of t h e  organism made on t h e  b a s i s  
of study of  d i f f e r e n t  func t iona l  systems might d i f f e r  considerably i n  many 
cases.  However, the  higher  t h e  l eve l  of t r a i n i n g  of the  a t h l e t e ,  t h e  l e s s  
these  differences and the  more sharply expressed i s  t h e  in t eg ra t ion  of motor 
and vegeta t ive  func t ions , ,  the  more heterochronism i s  smoothed as they 
improve, which i s  manifested i n  the  process o f  development of t r a i n i n g .  
experiments involving synchronous recording of  var ious func t ions  i n  t h e  s t a t e  
o f  muscular r e s t  and under condi t ions of var ious physical  load l eve l s  f o r  t h e  
same a t h l e t e s  a t  var ious s tages  of t h e  development of t h e i r  t r a i n i n g  
(N.  D.  Grayevskaya, Y e .  S. Stepanova, E .  V. Kukolevskaya, 1966) showed t h a t  
whereas with i n s u f f i c i e n t  s t a t e  of  t r a i n i n g  of t he  a t h l e t e s  54% of the  t e s t  
subjec ts  showed d i f f e r e n t  evaluat ions of t h e i r  func t iona l  s t a t e  from t h e  da t a  
of s tud ie s  of  t he  c i r cu la to ry  and nervous-muscular apparatus,  l a t e r  when a 
s a t i s f a c t o r y  s t a t e  of  t r a i n i n g  had been achieved t h i s  percentage ( for  the  same 
group of  t e s t  subjec ts )  decreased t o  2 8 ,  while s t i l l  l a t e r  when s p o r t s  form had 
been achieved, t h e  percentage dropped t o  18. 

Thus, /69 

These da t a  show t h a t  we cannot charac te r ize  the  l eve l  of t r a i n i n g  on t h e  
b a s i s  of a study of any s i n g l e  funct ion alone, or even more p a r t i c u l a r l y  on the  
bas i s  of  individual  i nd ica to r s .  This evaluat ion can only l ead  t o  e r r o r .  I t  i s  
d i f f i c u l t  t o  properly eva lua te  the  so-ca l led  "acute changes" caused by loading 
on the  bas i s  o f  determination of ind iv idua l  i nd ica to r s  alone, s ince  the  na ture  
of the  r eac t ion  of  each i n d i c a t o r  may vary,  r e f l e c t i n g  mutual compensation and 
more or l e s s  improved methods of adaptat ion depending on t h e  degree of s t r e s s  
and t h e  l eve l  of t r a i n i n g .  Only a combined approach allows us  t o  s e l e c t  
methods which supplement each o the r ,  most f u l l y  revea l ing  t h e  func t iona l  
c a p a b i l i t i e s  of t he  organism i n  r e l a t i o n  t o  the  ac t ion  of  physical  s t r e s s e s  on 
t h e  organism. 

. This i s  t r u e  both of t h e  general  method of  determination of t he  s t a t e  o f  
t r a i n i n g  .c during medical examination, and of t h e  d i r e c t  study of  t h e  c i r c u l -  
a t ion .  The general  methodology should include methods cha rac t e r i z ing  t h e  s t a t e  
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of t h e  p r inc ipa l  func t iona l  systems determining high s p o r t s  a b i l i t y :  t he  
nervous system, nervous-muscular apparatus,  vege ta t ive  organs, and t h e  
i n t e r n a l  medium o f  t h e  organism. The da ta  from inves t iga t ion  o f  t he  func- 
t i o n a l  s ta te  of  c i r c u l a t i o n ,  although it occupies one of t h e  leading pos i t i ons  
i n  t h i s  combination, s t i l l  allows u s  t o  evaluate  t h e  general  l e v e l  of  t r a i n i n g  
o f  a t h l e t e s  only i n  considerat ion of  the  state of  t h e  remaining func t iona l  
l i n k s  i n  t h e  a c t i v i t y  of t h e  organism. 
t h e  c i r c u l a t o r y  apparatus,  t he  methods used should revea l  t h e  func t iona l  s t a t e  
o f  i t s  var ious l i n k s  and t h e i r  i n t e r r e l a t ionsh ips .  

As concerns d i r e c t  i nves t iga t ion  of 

Recent years  have been character ized by rap id  development of methods of 
i nves t iga t ion  of t h e  func t iona l  s t a t e  of the  c i r c u l a t o r y  apparatus and t h e  
in t roduct ion  t o  the  p r a c t i c e  of t h e  spo r t s  doctor  of many new methods of 
i nves t iga t ion  which, i n  p a r t i c u l a r ,  have been r e f l e c t e d  i n  t h i s  co l l ec t ion .  
However, s u f f i c i e n t  mater ia l  h a s ' n o t  been accumulated f o r  many of t hese  
methods t o  allow an evaluat ion of t h e  l eve l  of  t r a i n i n g  t o  be performed. 

A second, no l e s s  important p r i n c i p l e  i n  the  evaluat ion of  t he  s t a t e  of 
t r a i n i n g  i s  the  obl iga tory  inves t iga t ion  of t h e  a t h l e t e  under condi t ions such 
t h a t  high demands are placed upon him, i . e .  using var ious  physical  loads 
including s i g n i f i c a n t ,  l imi t ing  type loads.  I t  i s  q u i t e  important here  t h a t  
t h e  a t h l e t e  be inves t iga ted  not  only a f t e r  t he  completion of t h e  load and a t  
var ious s tages  o f  t he  recovery per iod,  but a l s o  d i r e c t l y  during the  physical  
loading i n  order  t o  most completely determine the  changes occurring at the  
height  of t h e  load, as wel l  as t h e  t r a n s i e n t  states from r e s t  t o  work and v ice  
ve r sa ,  which provides e s s e n t i a l  supplementary da t a  f o r  t h e  evaluat ion of t he  
func t iona l  s t a t e  (L. A. Butchenko, 1963; V. V. Rozenblat, 1966; V. V. Matov, 
1964; V. L .  Karpman, 1965; e t c . ) .  

The r eac t ion  t o  load can be considered t h e  most i n t e g r a l  method of de te r -  
mining t h e  state of t r a i n i n g ,  i f  w e  evaluate  i t s  primary q u a l i t i e s :  
working-in per iod,  t he  r e a c t a b i l i t y ,  adap tab i l i t y ,  s t a b i l i t y  and recover- 
ab i  1 i t y  . 

t h e  

If t h e  inves t iga t ion  of t h e  c i r c u l a t i o n  under condi t ions of muscular r e s t  
with increasing s t a t e  of t r a i n i n g  i s  character ized by a c e r t a i n  economy of 
funct ions ( r e t a rda t ion  of rhythm of card iac  cont rac t ions ,  decrease i n  a r t e r i a l  
pressure,  slowing of  r e s p i r a t i o n  and decrease i n  r e s p i r a t o r y  volume, decrease 
i n  blood volume pe r  minute, increase  i n  the  quan t i ty  o f  r e s idua l  blood i n  t h e  
h e a r t ,  lengthening of t h e  d i a s t o l e ,  a moderate r e t a rda t ion  i n  conduct ivi ty ,  
increased a r t e r i a l -ve inous  d i f fe rence ,  a decrease i n  per iphera l  r e s i s t ance ,  
r e t a rda t ion  of blood flow, e t c . ) ,  t he  r eac t ion  t o  physical  load i s  expressed 
as an acce lera t ion  of t h e  working-in, with ever  g r e a t e r  adequacy of  physiolog- 
i c a l  changes t o  t h e  na tu re  and magnitude of  t h e  load, c l e a r e r  s t a b i l i t y  of 
r eac t ions  during r e p e t i t i o n  and complication of  loads,  s i g n i f i c a n t  acceler-  
a t i o n  of t h e  r e s to ra to ry  processes.  
i n t e n s i t y , ' a s  the  s t a t e  of t r a i n i n g  increases  a d e f i n i t e  tendency toward 
economy of funct ions i s  noted. 
same work with considerably less expenditure of energy than a l e s s  t r a i n e d  , 
organism, the  demand f o r  oxygen is  s a t i s f i e d  with l e s s  s t r e s s  on t h e  funct ions 
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When muscular work i s  dosed a t  moderate 

A more highly t r a i n e d  organism performs t h e  
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of r e s p i r a t i o n  and c i r cu la t ion .  
changes of oxygenation, pulse ,  blood volume p e r  minute, d i a s t o l i c  pressure,  
degree of d i s tens ion  of  ves se l s  and o the r  i nd ica to r s  of hemodynamics 
(Table 4) .  
and correspondingly lower expenditure of e f f o r t  f o r  t h e  performance of 
s tandard work, an improvement of regula t ion ,  increased economy of i n t r a -  
c e l l u l a r  metabolism with b e t t e r  u t i l i z a t i o n  of  oxygen by t h e  t i s s u e s .  

Dynamic observat ions show a decrease i n  

This r e s u l t s  from a g r e a t e r  degree o f  automation of a motor s k i l l  

On t h e  o the r  hand, with l a r g e  and in t ens ive  physical  s t r e s s ,  p lac ing  very 
high demands on t h e  organism and involving the  commitment of  func t iona l  / 7 2  
reserves ,  t h e  t r a ined  organism i s  capable of performing t h e  necessary volume 
of  work a t  considerably higher  i n t e n s i t y  ( r e s u l t i n g  i n  t h e  achievement o f  a 
higher  r e s u l t )  by more rap id  and complete mobil izat ion of t h e  funct ions.  
physiological  changes involved i n  many cases  can be q u i t e  g rea t ,  impossible 
f o r  a l e s s  t r a i n e d  organism. The reinforcement of functions a,chieved may be 
supported at  t h e  required l e v e l  without negat ive a f t e r e f f e c t s  by an organism 
f o r  a considerably longer per iod of time than i s  poss ib l e  f o r  a less t r a i n e d  
man. As t h e  c i r c u l a t i o n  i s  inves t iga ted ,  t h i s  i s  manifested as a s i g n i f i c a n t  
reinforcement of card iac  a c t i v i t y ,  a reinforcement of t he  cont rac t ive  a b i l i t y  
of  t h e  myocardium, a shortening of a l l  p r i n c i p a l  phases of t h e  sys to l e ,  an 
acce lera t ion  of blood flow r a t e ,  r e t ens t ion  of s u f f i c i e n t  adequacy of t he  
s t a t e  of t h e  p recap i l l a ry  lumen and a s i g n i f i c a n t  increase  i n  the  c i r c u l a t i o n  
volume pe r  minute. 

The 

The leading d iagnos t ic  c h a r a c t e r i s t i c  of t h e  s t a t e  of t r a i n i n g  must be 
considered not  t h e  amplitude of t h e  r eac t ion ,  but  r a t h e r  t he  type of r eac t ion ,  
t he  q u a l i t y  and i n t e r r e l a t i o n s h i p  of t h e  changes of  individual  func t iona l  
i nd ica to r s .  Thus, experimental i nves t iga t ions  and dynamic observations show 
t h a t  as t h e  s t a t e  of  t r a i n i n g  increases  t h e  r eac t ion  genera l ly  becomes normo- 
ton ic .  Signs of discoordinat ion of  var ious l i nks  of  t h e  resp i ra tory-  
c i r cu la to ry  system i n  response t o  load a r e  s i g n i f i c a n t l y  decreased or 
disappear e n t i r e l y ,  appearing i n  those a t h l e t e s  (with s i m i l a r  load but lower 
l eve l  of t r a i n i n g )  a s  stepped changes i n  a r t e r i a l  p ressure ,  r e sp i r a t ion ,  
vascular  tone ,  as well  as uneven o r  opposi te ly  d i rec ted  changes i n  pulse ,  
a r t e r i a l  p ressure  and o the r  i nd ica to r s  o f  hemodynamics a f t e r  load. 

The d i r e c t i o n  of a change i n  the  amplitude of a r eac t ion  i n  var ious 
func t iona l  i nd ica to r s  of t h e  c i r c u l a t i o n  may d i f f e r :  a s  t h e  s t a t e  of t r a i n i n g  
increases ,  a decrease i n  the  amplitude of the  reac t ions  of some may be 
observed with an increase  i n  t h e  degree of  changes by o the r s  (Figure 8 ) ,  
ind ica t ing  mutual compensation and q u a l i t a t i v e  improvement of  t he  means o f  
adaptat ion of t he  organism t o  physical  s t r e s s e s .  This i s  r e f l e c t e d  i n  the  
ma te r i a l s  of t h e  experimental i nves t iga t ion  of N .  V. Zimkin e t  a l .  (1965), 
which showed t h a t  the  same e f f e c t  may be achieved by var ious  combinations of  
func t iona l  changes under physical  s t r e s s ,  with a higher  degree of mobil izat ion 
of some and lower degree of  mobil izat ion of o the r  funct ions.  
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The dependence of  t h e  amplitude of  a r eac t ion  on the  na ture  of  t h e  load 
can be demonstrated by Figure 9,  showing t h e  mean values  o f  t he  r eac t ion  of 
t h e  pulse  and s y s t o l i c  a r t e r i a l  p ressure  i n  t h e  same a t h l e t e s  ( leading 
s p r i n t e r s  i n  the  country) a f t e r  var ious loads as a funct ion of increasing 
s t a t e  of t r a in ing .  We s e e  t h a t  i n  t h e  spo r t s  form, t h e  pulse  r eac t ion  t o  
rapid running i s  considerably higher  than the  r eac t ion  t o  running a t  a slower 
rate. With repeated,  less than maximal loads under labora tory  condi t ions 
(three-minute run with 30-sec dash a t  t he  end) i n  t h e  spo r t s  form t h e  
pulse  r eac t ion  i s  l e s s  than a t  a lower s t a t e  of t r a i n i n g .  
pressure  reac t ion ,  on t h e  contrary,  is  highest  with highest  t r a in ing .  A 
similar d i r e c t i o n  i n  changes of pu l se  and pressure  can be observed f o r  
repeated loads i n  t r a i n i n g  (4 x 60 m). In  cont ras t  t o  t h i s ,  after 
competition a t  a higher  l e v e l  of t r a i n i n g  along with the  higher  running speed 
more expressed changes i n  pulse  and s y s t o l i c  pressure  are observed. 
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The s y s t o l i c  
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Figure 8. Change i n  t h e  
Reaction of t h e  Cardio- 
vascular  System t o  Loads 
w i t h  Increasing S t a t e  of 
Training. Vertical  l i n e  
shows values of ind ica tors  
s t u d i e s ,  horizontal  l i n e  
shows periods of i n v e s t i -  
ga t ion :  d o t t e d  l i n e ,  
Insuf f ic ien t  t r a in ing ;  
so l id  l i n e ,  s p o r t s  form. 

Therefore, t h e  dec i s ive  f a c t o r  i n  t h e  
determination of  t h e  s ta te  of t r a i n i n g  
according t o  da t a  from s tud ie s  of  c i r c u l -  
a t i o n  should be not  t h e  absolute  value of t h e  
changes of any given ind ica to r  during 
physical  loads,  bu t  t h e i r  correspondence t o  
t h e  na ture  of  t he  work performed, i t s  
i n t e n s i t y  and durat ion.  

Great changes i n  response t o  work of  
moderate in tens i , ty  a r e  not  s u i t a b l e  for t h e  
organism and always ind ica t e  inadequate 
adaptat ion of  t h e  c i r c u l a t i o n  and, conse- 
quent ly ,  inadequately high s t a t e  of t r a i n i n g .  
With higher  loads,  performed a t  higher  
i n t e n s i t y ,  very g rea t  changes may occur i n  
two d i f f e r e n t  cases.  In  the  f irst  case,  they  
a r e  a manifestat ion of compensatory hyper- 
funct ion of t he  c i r cu la to ry  apparatus and a 
high l eve l  of development of adapt ive 
mechanisms. 
case by no s igns  o f  discoordinat ion,  by rap id  
r e s t o r a t i o n ,  by r e t en t ion  of good func t iona l  
s ta te  of t h e  cardiovascular  system and high 
working a b i l i t y  during dynamic observat ions.  
In  o ther  cases ,  these  changes may serve  as an 
e a r l y  ind ica to r  of exhaustion of t he  
compensatory c a p a b i l i t i e s  of t h e  h e a r t ,  
d i s rup t ion  of t h e  e l e c t r o l y t i c  and energe t ic  
balance of t h e  myocardium, with subsequent 
reduct ion of t h e  func t iona l  c a p a b i l i t y  of  
c i r cu la t ion .  

They a r e  accompanied i n  t h i s  

_c /75 
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Figure 9. Changes i n  P u l s e  and Ar te r i a l  Pressure 
After  Various Loads i n  Various S t a t e s  of Training. 
Dark bars show s t a t e  i n  spo r t s  form, l i g h t  bars -- 
i n  s a t i s f a c t o r y  s t a t e  of t r a in ing  

Consequently, t he  degree of t h e  changes i n  hemodynamics i n  response t o  
load depend not  only on the  l eve l  of t r a i n i n g ,  but  on t h e  na ture  of t he  
load. I t  i s  not  i d e n t i c a l  f o r  d i f f e r e n t  func t iona l  i nd ica to r s  of c i r c u l -  
a t i o n ,  and is inf luenced e s s e n t i a l l y  by t h e  s p o r t s  s p e c i a l t y  and q u a l i f i c a -  
t i o n s  of  t h e  test sub jec t ,  ind iv idua l  s p e c i f i c s  of  h i s  nervous system, e t c .  

A prec i se  c h a r a c t e r i s t i c  of t he  increase  i n  t h e  s t a t e  of  t r a i n i n g  is  the  
s i g n i f i c a n t  acce le ra t ion  o f  t he  working-in, which appears as a more rap id  
mobil izat ion of  t he  func t ions ,  more rap id  establishment of a c e r t a i n  rhythm of 
t h e  a c t i v i t y  o f  t h e  c i r c u l a t o r y  system optimal f o r  t h e  work t o  be done. Char- 
a c t e r i s t i c  a l s o  i s  an easier change i n  the  rhythm with changes i n  t h e  r a t e  of  
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work, r e s u l t i n g  from t h e  capab i l i t y  of  a h ighly  t r a i n e d  organism t o  adapt i t s  
a c t i v i t y  r ap id ly  t o  a change i n  t h e  condi t ions of  t h e  medium and develop 
maximum working a b i l i t y .  

An important d iagnos t ic  c h a r a c t e r i s t i c  is a more sharply expressed 
s t a b i l i t y  o f  r eac t ions  with repeated loads,  i n  s p i t e  of increasing demands on 
the  organism and p a r t i c u l a r l y  g rea t  acce le ra t ion  of  t he  processes of r e s t o r -  
a t ion .  
occurs when the  load i s  terminated. This allows t h e  organism t o  withstand 
high physical  s t r e s s e s l e v e r  b e t t e r  as the  s ta te  of  t r a i n i n g  increases .  

response r eac t ion  t o  phys ica l  loads appears more sharp ly  i n  the  c i r c u l a t i o n  
ind ica to r s  than i n  t h e  motor apparatus ( the  func t iona l  s t a t e  of which i s  
f requent ly  more s t a b l e  during physical  s t r e s s  than  the  vege ta t ive  component 
of t he  reac t ion) .  Thus, an experiment with synchronous recording of  
var ious func t ions  during physical  s t r e s s e s  has shown t h a t  i n  qua l i f i ed  
a t h l e t e s  as the  s t a t e  of t r a i n i n g  increases  during t h e  spo r t s  season, p o s i t i v e  
s h i f t s  (based on the  sum of ind ica to r s  s tud ied)  of the  r e sp i r a to ry -c i r cu la to ry  
apparatus and nervous-muscular system were seen i n  58% of t h e  observations,  
while s h i f t s  of c i r c u l a t i o n  alone were observed i n  32% of the  cases  and i n  t h e  
nervous-muscular apparatus a lone -- i n  8% of t h e  observations.  

In  the  s ta te  of high t r a i n i n g ,  r ap id  r e s t r u c t u r i n g  of regula t ion  

There i s  considerable  i n t e r e s t  a l s o  i n  t h e  fact  t h a t  a change i n  t h e  

Apparently, a change i n  t h e  func t iona l  s t a t e  of t he  organism during 
physical  s t r e s s  r e s u l t i n g  from t h e  system o f  motor-visceral  r e f l exes  alone is  

vegeta t ive  support .  I t  i s  f o r  t h i s  reason t h a t  q u a l i f i e d  a t h l e t e s  with a high 
l e v e l  of general  t r a i n i n g  i n  many cases  r e t a i n  high adaptat ion c a p a b i l i t i e s  of  
t h e  nervous-muscular apparatus even a f t e r  worsening of  t he  func t iona l  
i nd ica to r s  of c i r c u l a t i o n  has begun. 

more rap id ly  r e f l e c t e d  i n  t h e  l e s s  s t a b l e  l i n k  of  t h e  motor ac t ion  -- i t s  - /76 

The s e l e c t i o n  of loads i n  the  examination of a t h l e t e s  i n  order  t o  show 
t h e  degree of t h e i r  t r a i n i n g  r e s u l t s  from the  l e v e l  of t r a i n i n g  and q u a l i f i c a -  
t i o n  of t h e  t e s t  sub jec t s  considering t h e i r  age, hea l th ,  and spor t s  spec ia l -  
i za t ion .  The loads should be s o  se l ec t ed  t h a t  they r e f l e c t  both the  general  
and the  spec ia l  s t a t e  of t r a i n i n g ,  i . e . ,  i n  addi t ion  t o  the  standard 
func t iona l  t e s t s ,  t h e  r eac t ion  of t he  cardiovascular  system t o  s p e c i f i c  loads 
should be s tudied .  

A good r eac t ion  of t he  c i r c u l a t i o n  t o  s tandard loads does not mean t h a t  
an a t h l e t e  is  capable of showing high r e s u l t s  i n  h i s  own type of spo r t s .  
t h i s ,  i n  addi t ion  t o  general  t r a i n i n g ,  he r equ i r e s  a high l eve l  of spec ia l  
t r a i n i n g .  
adaptive mechanisms as by improvement of t he  s p e c i f i c  motor ac t ions  and 
adap tab i l i t y  of var ious func t iona l  systems including t o  a considerable extent  
t he  cardiovascular  system t o  t h e  maximum muscular e f f o r t  ( r e l a t ed  t o  repeated 
performance of a concrete  motor a c t ,  s p e c i f i c  f o r  each type of spo r t s ) .  

For 

This l a t t e r  is  achieved not s o  much by improvement of t h e  general  

The spec ia l  degree o f  t r a i n i n g  i s  determined using func t iona l  t e s t s  with 
repeated loads s p e c i f i c  f o r  each form of spo r t s ,  c a l l i n g  f o r  a comparison of  

67 



i n d i c a t o r s  of  working a b i l i t y  and a d a p t a b i l i t y  under var ious  condi t ions of t h e  
ex te rna l  medium (R. Ye. Motylyanskaya and A. V. Martynova, 1958; Ye. F. Likha- 
chevskaya, 1960; Ye. S .  Stepanova, 1965; K. F. Slabolyubova and G .  A. Gon- 
charova, 1960; V. A. Geselevich, 1966; e t c . )  as w e l l  as a s tudy of  t h e  
r eac t ions  of  t h e  organism of  a t h l e t e s  t o  na tu ra l  maximum t r a i n i n g  and 
competit ive loads. 
based on t h e  pos i t i ons  l i s t e d  above but ,  as a r u l e ,  i s  somewhat s impl i f ied  i n  
connection with t h e  condi t ions o f  t h e  inves t iga t ion .  

The s e l e c t i o n  of card io logica l  methods i n  t h i s  case i s  

A s  a necessary minimum i n  a s tudy of  t he  r eac t ions  t o  repeated loads,  we 
should consider i nves t iga t ion  of  t h e  pulse  frequency, a r t e r i a l  pressure,  
r e s p i r a t i o n  and electrocardiography a t  t h e  beginning of  t h e  first and second 
minutes a f t e r  each r e p e t i t i o n .  I t  i s  des i r ab le  t o  record t h e  e lec t rocard io-  
gram during loading. 
working a b i l i t y  during each r e p e t i t i o n  i s  obl igatory.  
methods of i nves t iga t ion  under condi t ions of t r a i n i n g  and competitive loads 
must be based on concrete  condi t ions of t h e  inves t iga t ion ,  but i n  any case 
must be founded on t h e  p r i n c i p l e  of combined s tudies .  
d a t a  i n  order  t o  cha rac t e r i ze  t h e  s t a t e  of t r a i n i n g  can be produced under 
these  condi t ions by using t h e  method of  add i t iona l  loading a f t e r  completion of 
t he  p r inc ipa l  loading and during var ious s tages  of  t h e  recovery period. 

Comparison of  da t a  produced with t h e  ind ica to r s  of 
The se l ec t ion  of 

Essen t i a l  supplementary /77 - 

A t h i r d  p r i n c i p l e  i n  t h e  evaluat ion of t he  s t a t e  of t r a i n i n g  i s  the  
ind iv idua l  treatment of da t a  produced considering t h e  s p e c i f i c s  of t he  
a t h l e t e ,  l eve l  of  h i s  t r a i n i n g ,  type of  spo r t  and a number of o ther  f a c t o r s ,  

The p r inc ipa l  physiological  r e g u l a r i t i e s  r e f l e c t i n g  t h e  development of 
t h i s  s t a t e  of t r a i n i n g  a r e  i d e n t i c a l  f o r  a l l  ca tegor ies  of  a t h l e t e s ,  but t h e r e  
are c e r t a i n  individual  s p e c i f i c s .  For example, t h e  higher  t h e  general  l eve l  
of t r a i n i n g ,  t he  less t h e  ind ica to r s  of  general  t r a i n i n g  change during the  
course of t h e  spo r t s  season and the  g rea t e r ,  consequently, t he  a t t e n t i o n  which 
should be turned t o  even s l i g h t  changes. But even i n  h ighly  qua l i f i ed  
a t h l e t e s  who have r e l a t i v e l y  high i n i t i a l  l eve l  as a r e s u l t  of year-round 
t r a i n i n g ,  f u r t h e r  changes i n  the  func t iona l  s t a t e  of t h e  organism during t h e  
s p o r t s  season, r e f l e c t i n g  t h e  dynamics of  t h e  s ta te  of t r a i n i n g ,  are r a t h e r  
sharp ly  expressed. 
v a r i e t y  involved i n  contemporary t r a i n i n g  i n  a l l  forms of  spo r t s  d i f fe rences  
i n  the  dynamics of  t h e  func t iona l  s t a t e  between representa t ives  of  var ious 
spo r t s  s p e c i a l t i e s  a r e  removed t o  a c e r t a i n  ex ten t ,  s t i l l  t h e  changes i n  t h e  
funct ional  s t a t e  of c i r c u l a t i o n ,  i n  p a r t i c u l a r  t h e  ind ica to r s  r e f l e c t i n g  t h e  
func t iona l  s t a t e  of t h e  h e a r t  i n  connection with the  dynamics of t r a in ing ,  a r e  
more c l e a r l y  seen i n  sportsmen t r a i n i n g  f o r  types of  spo r t s  involving general  
and s p e c i f i c  endurance. A c a p a b i l i t y  f o r  rap id  mobil izat ion of funct ions and 
high r e a c t i v i t y  of t h e  c i r c u l a t o r y  apparatus during loads of maximum in tens-  
i t y ,  more rap id  a l t e r a t i o n  of t h e  rhythm of a c t i v i t y  a r e  more c l e a r l y  seen i n  
a t h l e t e s  t r a i n i n g  f o r  fast  work and i n  representa t ives  of spo r t s  games and 
o the r  categories .  

Although with t h e  l a rge  work volume and considerable 

A considerable  r o l e  i s  a l s o  played by age. For example, for chi ldren and 
adolescents ,  as wel l  as f o r  young people even with good t r a i n i n g ,  high 
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r e a c t i v i t y  of t he  c i r c u l a t o r y  apparatus is  c h a r a c t e r i s t i c  f o r  any physical  
s t r e s s ,  as is slower recovery. During adolescence, t h e  func t iona l  changes 
r e l a t e d  t o  increasing s t a t e  of  t r a i n i n g  a r e  l e s s  c l e a r l y  expressed and are not 
observed i n  such r egu la r  sequence a s  i n  adu l t s .  In  o ld  age even a well  
t r a i n e d  organism shows lower r e a c t i v i t y .  Thus, o lde r  persons show a l e s s  
sharply expressed pulse  r eac t ion ,  more frequent d i s rup t ion  i n  card iac  rhythm, 
and f requent ly  t h e  necessary co r re l a t ion  i n - t h e  a c t i v i t y  of individual  l i n k s  
of  t h e  cardiovascular  system i s  not  present ,  and changes i n  a r t e r i a l -  
p recap i l l a ry  lumen are p a r t i c u l a r l y  not iceable  where, apparently,  t h e  
d i s rup t ions  i n  regulation-characteristic of age a r e  manifested (Ye. F. Likha- 
chevskaya, 1966). 

- /78 

In evaluat ing t h e  d a t a  produced w e  should a l s o  consider  t h a t  t h e r e  are 
indiv idua l  a t h l e t e s  who, even i n  a s t a t e  o f  good t r a i n i n g ,  show r e l a t i v e l y  
imperfect individual  func t ions ,  which i s  not r e f l e c t e d  i n  t h e i r  general  
working a b i l i t y  due t o  the  compensatory-adaptive c a p a b i l i t i e s  of  the  t r a i n e d  
organism. 

The c l e a r e s t  increase  i n  t h e  s t a t e  of t r a i n i n g ,  according t o  da t a  from 
s tud ie s  of  t h e  c i r c u l a t o r y  apparatus,  genera l ly  occurs during t h e  f irst  s t ages  
of t r a i n i n g  ( i n  general  or during the  preparatory per iod f o r  each season a f t e r  
t he  r e s t  between seasons).  A s  t he  q u a l i f i c a t i o n s  of  t h e  a t h l e t e s  increase ,  
t he  values  of var ious func t iona l  i nd ica to r s  change over smaller l i m i t s .  I n  
qua l i f i ed  a t h l e t e s  with today 's  methods of  t r a in ing ,  which continue year 
round, with long competit ive seasons and b r i e f  preparatory per iods ,  t h e  
increase i n  the  s t a t e  of t r a i n i n g  occurs q u i t e  rap id ly .  
mind t h a t  t h e r e  a r e  e s s e n t i a l  ind iv idua l  d i f fe rences  i n  the  r a t e  of increase  
of t h e  s t a t e  of t r a i n  i n  var ious persons even with i d e n t i c a l  t r a i n i n g  methods. 

I t  should be kept  i n  

Dynamic observations have shown t h a t  during t h e  course of  t r a i n i n g  t h e  
changes i n  p r inc ipa l  func t iona l  i nd ica to r s  of hemodynamics occur gradual ly ,  
r i g h t  up t o  t h e  achievement by t h e  a t h l e t e  of a high l eve l  of general  
t r a in ing .  Then, t h e  ind ica to r s  of t he  c i r c u l a t o r y  system defined under 
condikions of muscular r e s t  and the  r eac t ion  of t h e  cardiovascular  system t o  
func t iona l  tests s t a b i l i z e ,  while a high l eve l  of t r a i n i n g  i s  maintained, 
decreasing during de t ra in ing  or f a t igue .  Further  increases  i n  working 
a b i l i t y  i n  a concrete form of spo r t s  a r e  manifested during medical examination 
pr imar i ly  as continuing improvement of t he  adapt ive mechanisms t o  s p e c i f i c  
loads,  r e f l e c t i n g  an increase  i n  spec ia l  t r a in ing .  

In  many forms o f  spo r t s  i n  which competition i s  performed almost year  
round, t he  ind ica to r s  o f  spec ia l  t r a i n i n g  are a l s o  r e l a t i v e l y  s t a b l e ,  
f l uc tua t ing  s l i g h t l y  during individual  s tages  as a funct ion of t he  decrease o r  
increase i n  loads i n  correspondence with t h e  t r a i n i n g  plan or as the  
func t iona l  s t a t e  worsens due t o  f a t igue .  

Dynamic observat ions have a l s o  shown t h a t  i n  the  s ta te  o f  highest  

/79 
t r a i n i n g  -- t h e  spo r t s  form, each a t h l e t e  has optimal values  of  v2rious 
func t iona l  c i r c u l a t i o n  ind ica to r s  f o r  himself,  which a r e  repeated with very 
s l i g h t  v a r i a t i o n s  each t i m e  t he  a t h l e t e s  achieve t h i s  l e v e l  of t r a in ing .  

- 
# 
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With i n s u f f i c i e n t  t r a i n i n g ,  t h e  same a t h l e t e s  o f t en  show s i g n i f i c a n t  
f l uc tua t ions  i n  these  q u a n t i t i e s  (Table 5). In var ious persons these  
q u a n t i t i e s  may d i f f e r  considerably i n  t h e  spo r t s  form. 
when i n  h i s  s t a t e  of h ighes t  t r a in ing ,  has c e r t a i n  c h a r a c t e r i s t i c  individual  
values  of most i nd ica to r s  s p e c i f i c  f o r  himself,  r e f l e c t i n g  t h e  funct ional  
state of t he  c i r cu la to ry  apparatus.  
f o r  e a s i l y  exci ted a t h l e t e s  and persons who showed t h e  i n i t i a l  s igns  of 
f a t i g u e  along with s p o r t s  form of  t r a in ing .  

Thus, each a t h l e t e  

We observed a l a c k  of t h i s  s t a b i l i t y  only 

A prec ise  boundary cannot always be es tab l i shed  between good t r a i n i n g  and 
i t s  highest  l eve l  ( spor t s  form) according t o  t h e  da t a  from medical examin- , 

a t ion ,  s ince  t h e  ind ica to r s  of adap tab i l i t y  and r ecove rab i l i t y  a r e  q u i t e  
similar with these  two states o f  t r a in ing .  However, t h e  spo r t s  form, i n  
addi t ion  t o  t h e  highest  i nd ica to r s  of  working a b i l i t y  and exce l len t  general  
condition, q u i t e  c h a r a c t e r i s t i c a l l y  shows sharply expressed s t a b i l i t y  of t h e  
func t iona l  i nd ica to r s  and reac t ions  of t he  cardiovascular  system. 

- / go  

A s  the  s t a t e  of t r a i n i n g  i s  decreased by f a t igue ,  t h e  worsening of t h e  
ind ica to r s  of t h e  func t iona l  s ta te  f o r  var ious persons may occur pr imari ly  due 
t o  a change i n  var ious ind ica to r s .  
s p i c t  ind iv idua l  evaluat ion of t h e  r e s u l t s  of inves t iga t ion  of c i r cu la t ion  
f o r  a given s t a t e  of t r a in ing .  For t h i s  purpose, t h e  q u a n t i t i e s  measured 
should be compared not  so  much with t h e  average ind ica to r s ,  var ious t a b l e s  and 
standards ( s ince  the  l i m i t s  of  physiological  f l uc tua t ion  of individual  
c h a r a c t e r i s t i c s  with optimal t r a i n i n g  f o r  various a t h l e t e s  a r e  r a t h e r  grea t )  
as with t h e  values  c h a r a c t e r i s t i c  f o r  a given a t h l e t e  i n  var ious l eve l s  of 
t r a in ing .  

A l l  of  t h i s  i nd ica t e s  t h e  necess i ty  of 

I t  i s  because of t h e  considerable  individual  d i f fe rences  i n  t h e  process 
of development of t h e  s t a t e  of t r a i n i n g  t h a t  i t s  l e v e l  can be most, properly 
evaluated by dynamic observat ions,  which a l so  should be looked upon as one of  
t h e  p r inc ipa l  f a c t o r s  t o  be considered. 

I t  i s  necessary t o  consider i n  each concrete case t h e  conditions of t he  
medium i n  which t h e  examination i s  being performed, s ince  t h e  s t a t e  of t h e  
a t h l e t e  on a given day, t h e  a c t i v i t i e s  immediately preceding the examination 
( i n  p a r t i c u l a r ,  r e s idua l  phenomena from fa t igue  a f t e r  t r a i n i n g  exerc ises ,  
recent  consumption of food, i n s u f f i c i e n t  s leep ,  var ious d is rupt ions  of t h e  
bodi ly  regime, general  f a t igue ,  etc.) ,  time of examination, e t c .  may have an 
e s s e n t i a l  inf luence on the  r e s u l t s  of  t h e  examination and cause e r r o r s  i n  t h e  
evaluat ion of t h e  s t a t e  of t r a i n i n g  of the  a t h l e t e .  This concerns pr imari ly  
t h e  most l a b i l e  i nd ica to r s  of  c i r c u l a t i o n ,  r e f l e c t i n g  t h e  funct ion of 
e x c i t a b i l i t y ,  l eve l  of a r t e r i a l  pressure,  e t c . ,  which change r ap id ly  as a 
function of a number of supplementary f a c t o r s ,  i n  cont ras t  t o  t h e  more s t a b l e  
ind ica to r s ,  f o r  example, those charac te r iz ing  t h e  function of conduct ivi ty  and 
con t r ac t ab i l i t y .  
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The combined approach, func t iona l  d i r ec t ion ,  dynamic na ture  of observ- 
a t i o n s  and ind iv idua l  evaluat ion of da t a  produced by inves t iga t ion  of 
c i r c u l a t i o n  allow us t o  produce the  necessary objec t ive  materials f o r  
diagnosis  of t h e  s t a t e  of t r a i n i n g  during medical examination of a t h l e t e s .  
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PART I I  

METHODS OF ~ N V E S T I G A T I N G  THE CARDIOVASCULAR SYSTEMS 
OF ATHLETES 

Modern cardiology has available a large number.of methods for invest- - /8 1 
igating various functions of the cardiovascular system and biophysical 
manifestations of the functional state of the heart and,vessels. 
they are not all equivalent in the information which they yield and, conse- 
quently, are not all expedient for utilization in sports medicine. 

Naturally, 

At the present time investigation of the fundamental parameters of 
cardio- and hemodynamics is taking on ever greater significance in medical 
testing and sports physiology. 
turned to the study of the electrical and mechanical manifestations of the 
cardiac activity of athletes. The arsenal of X-ray methods of investigation 
of the heart also continues to expand. Finally, radiotelemetric transmission 
of cardiological information is being ever more widely introduced. 

In addition to this, attention continues to be 

The problem of transmission and collection of information is one of the 
most important problems. It determines the possibilities for utilization of 
various methods of investigation of the heart under conditions of the perform- 
ance of functional.tests in athletes or under conditions of natural per- 
formance in training and competition. However, the recording of various 

/82 
manifestations of the activity of the cardiovascular system directly during 
muscular work continues to be difficult. - 

The second portion of our book is dedicated to a broad range of method- 
ological problems which are pressing for sports cardiology. 
absence of any single classification of methods of investigation of circul- 
ation, the material in this portion is divided rather arbitrarily. Some 
chapters present data not only on physical and physiological characteristics 
of the methods of investigation, but also some results produced by the authors 
using various methods. 
the first portion of the book is unavoidable here (this repetition was 
reduced to a minimum during the editing process). 

Due to the 

A certain degree of repetition of data presented in 
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CHAPTER I V  

INVESTIGATION OF CERTAIN PARAMETERS OF CARDIO- 
AND HEMODYNAMICS 

ABSTRACT. This a r t i c l e  i s  a h i s t o r i c a l  review of the inves- 
t i g a t o r y  methods used t o  de f ine  c e r t a i n  parameters of cardio- 
and hemodynamics. Included a r e :  methods o f  invest iga t ion  of 
cardiac output,  methods of phase analysis o f  the cardiac 
contract ion,  p a r t i c u l a r l y  as used i n  a t h l e t e s ,  and changes 
i n  durat ion o f  cardiac cyc le  phases during the performance 
o f  various physical tasks. 

. 

Since the  time of  t h e  c l a s s i c a l  inves t iga t ions  o f  Frank (1895), S t a r l i n g  
(1914), Straub (1914), and Wiggers (1921), t he  p r inc ipa l  parameters of t h e  
dynamics o f  c i r c u l a t i o n  have been considered t h e  card iac  output (blood volume 
pe r  bea t  and p e r  minute), t h e  in t r aca rd iac  pressure  and dura t ion  of phases i n  
t h e  card iac  cycle.  
operat ing diagram of t h e  h e a r t  which charac te r izes  t h e  movement of  a repre-  
s en ta t ive  poin t  i n  three-dimensional space. 
pressure,  volume and time (P-V-t diagram). 

- /83 

On t h e  b a s i s  of these  parameters, we can make up an 

The coord ina tes .of  t h i s  space a r e  

In spo r t s  medicine, only two parameters a r e  r a t h e r  broadly s tudied - -  t h e  
card iac  output and phases of  t h e  cardiac cycle ,  while t h e  t h i r d  
parameter -- i n t r a c a r d i a c  pressure -- i s  analyzed only i n  spec ia l  experiments. 
The problem i s  t h a t  t h e  methodological d i f f i c u l t i e s  and dangers involved i n  
inves t iga t ion  (requirement for veinous o r  a r t e r i a l  ca the t e r i za t ion  of hea r t  
c a v i t i e s )  prevent t h e  recording of i n t r aca rd iac  pressure  during medical 
examination. 

Methods o f  Invest iga t ion  o f  Cardiac Output 

The determination of t he  cardiac output i s  of grea t  s ign i f i cance  f o r  a 
q u a n t i t a t i v e  evaluat ion of t h e  cont rac t ive  funct ion of  t h e  h e a r t  and t h e  study 
of  t h e  i n t e n s i t y  of  blood c i r cu la t ion  of t h e  organs and t i s s u e s  under 
conditions of  muscular work. 
are f requent ly  ca l l ed  t h e  p r inc ipa l  hemodynamic ind ica to r s .  
these  ind ica to r s  i s  an obl iga tory  component of each well  performed 

The s y s t o l i c  volume and blood volume pe r  minute 
The study o f  
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i nves t iga t ion  i n  s p o r t s  cardiology, 
s ignif icance o f  information on t h e  s y s t o l i c  volume and blood volume p e r  
minute, t h i s  information is  necessary f o r  ca l cu la t ion  of o the r  i nd ica to r s  o f  
cardio- and hemodynamics, f o r  example such ind ica to r s  as t h e  mechanical work 
o f  t h e  v e n t r i c l e s  and t h e  hydraul ic  r e s i s t a n c e  o f  t h e  vessels i n  systemic and 
r e sp i r a to ry  c i r c u l a t i o n .  

In  addi t ion t o  t h e  important independent 
- /84 

Preliminary notes. The quant i ty  of blood i n  mi l l i l i t e r s  expel led from 
t h e  v e n t r i c l e  i n t o  t h e  a o r t a  i n  one contract ion is  c a l l e d  t h e  s y s t o l i c  blood 
volume. 
v e n t r i c l e  during one minute. 
l i ters  p e r  minute (a/min). 

The blood volume p e r  minute i s  t h a t  quan t i ty  which i s  expelled by t h e  
The dimensionality o f  t h i s  i nd ica to r  is  i n  

Many inves t iga t ions  have shown t h a t  among t h e  f a c t o r s  determining t h e  
s y s t o l i c  volume and volume p e r  minute, g r e a t  s ign i f i cance  must be given t o  t h e  
height and weight of t h e  tes t  subjec t .  In  order  t o  l eve l  individual  f l u c t u -  
a t ions  i n  volume p e r  minute, Grollman (1932) suggested t h a t  t he  blood volume 
p e r  minute be r e l a t e d  t o  a u n i t  of body sur face .  The quant i ty  which he 
produced i n  t h i s  way he c a l l e d  the  cardiac index. I ts  dimensionality i s  
l i t e r s  p e r  minute p e r  square meter (k/min/m2), and has no concrete physical  
sense. By analogy with t h e  cardiac index, t h e  s y s t o l i c  index or beat  index 
are defined. 

The problem of studying cardiac output has almost 100 years h i s t o r y  and 
continues t o  be developed and improved, as a r e s u l t  o f  which a l a r g e  number o f  
various methods are ava i l ab le  f o r  i nves t iga t ion .  V. L. Karpman (1963) 
suggested a c l a s s i f i c a t i o n  plan f a c i l i t a t i n g  t h e o r e t i c a l  ana lys i s  o f  t h e  
p r inc ip l e s  upon which t h e  determination o f  t h e  quant i ty  o f  cardiac output i s  
based. 
volume and volume p e r  minute are d i s t r i b u t e d  i n t o  the  following groups: 
1) methods based on the  F i c k  p r i n c i p l e  - -  t h e  d i r e c t  method o f  F i c k ,  t h e  
acetylene method, e t c . ;  2) methods based on t h e  Stewart-Hamilton 
p r i n c i p l e  -- methods involving d i l u t i o n  of a dye, t h e  method of thermal 
d i l u t i o n ,  e tc . ;  3)  methods based on t h e  Frank p r i n c i p l e  -- t h e  methods of 
Broemser and Ranke (1930), Wezler and Boger (1937, 1939), e tc . ;  4) methods 
based on the  Newtonian laws o f  mechanics -- methods using high-frequency and 
low-frequency bal l is tocardiography.  

In correspondence with t h i s  plan,  methods o f  determination o f  s y s t o l i c  

This c l a s s i f i c a t i o n  covers only the  most widely used methods o f  
i nves t iga t ing  t h e  blood volume p e r  minute and s y s t o l i c  volume. 
methods not included i n  t h i s  c l a s s i f i c a t i o n  w i l l  a l s o  be b r i e f l y  analyzed. We 
cannot discuss  t h e  methodological d e t a i l s  o f  t h e  determination of ca rd iac  
output,  so we w i l l  present a review only of t h e  p r inc ipa l  s p e c i f i c s  of t h e  
various methods. 

Certain o t h e r  

Methods based on t h e  F i c k  p r i n c i p l e .  In  1870, Fick formulated t h e  f irst  
physiological ly  well founded p r i n c i p l e  f o r  ca l cu la t ing  t h e  volume o f  blood - /85 
flow i n  an i n t e g r a l  organism on t h e  b a s i s  of t h e  quan t i ty  o f  material enter ing 
t h e  blood i n  one minute (R) and t h e  degree of increase of i ts  concentration i n  
t h e  blood (D). For example, using t h e  a r t e r i a l -ve inous  d i f f e rence  it i s  not 
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d i f f i c u l t  t o  determine the  increase i n  concentration o f  oxygen i n  t h e  blood 
passing through the  vessels of  t he  lungs (D ). k 
oxygen consumed i n  the  lungs i n  one minute (Rk), then: 

If we know t h e  quant i ty  of 

where V 

oxygen consumption i n  t h e  a i r  being breathed. 

i s  the  blood volume p e r  minute, Rk i s  e a s i l y  determined from t h e  m 
From t h i s :  

V", =z a 
I), : 

It i s  obvious t h a t  equation (11) i s  v a l i d  not  only f o r  oxygen, but f o r  carbon 
dioxide and f o r  certain ind i f f e ren t  gases and mater ia l s .  

In  order  t o  ca l cu la t e  t h e  v,olume p e r  minute according t o  the  Fick 
p r inc ip l e ,  an a r t e r y  i s  punctured f o r  determination o f  oxygen i n  the  a r t e r i a l  
blood and the  r i g h t  c a v i t i e s  of t he  hea r t  are ca the te r ized  t o  analyze the  
content of 0 i n  the  mixed veinous blood. This i s  t h e  so-ca l led  d i r e c t  method 

of Fick, long used i n  physiological  inves t iga t ions ;  i t s  usage for t he  study of 
t h e  card iac  output of man was begun only i n  the  1940's, after Cournand (1944) 
introduced t h e  hea r t  probe method t o  c l i n i c a l  p rac t i ce .  
method i s  a prec is ion  method f o r  determining t h e  blood c i r cu la t ion  volume per  
minut e. 

2 

The d i r e c t  Fick 

The acetylene method developed by Grollman (1928) has been p a r t i c u l a r l y  
broadly used i n  physiological  and c l i n i c a l  p rac t i ce .  In  the  Soviet Union, it 
is  general ly  used with t h e  improvement introduced by V. V. Parin (1935, 1937) 
and I .  I .  Khrenov (1940). Acetylene i s  e a s i l y  dissolved i n  blood plasma and 
has no tox ic  inf luence on t h e  organism. 

Acetylene and c e r t a i n  o the r  gases ind i f fe ren t  t o  t h e  organism have a 
constant s o l u b i l i t y  coe f f i c i en t .  
dividing t h e  value of t h e  quant i ty  of gas dissolved i n  t h e  blood during t h e  
time of r e sp i r a t ion  of t h e  gas mixture by t h e  s o l u b i l i t y  coe f f i c i en t  of t he  
gas. 

The volume per  minute i s  determined by 

Calculation i s  based on t h e  following considerat ions.  If the tes t  
subjec t  has inhaled a mixture of  a i r  with a known quan t i ty  of acetylene and 
held h i s  breath f o r  t sec, t h e  quant i ty  of acetylene i n  t h e  mixture exhaled 
w i l l  be less by a c e r t a i n  quant i ty  A X .  
t h e  blood i n  one second can be determined from t h e  r a t i o  A X / t ,  and i n  one 
minute -- from t h e  r a t i o  60*AX/t. 
blood per  un i t  volume w i l l  be Da. 

The quan t i ty  of  acetylene dissolved i n  

The quant i ty  of acetylene dissolved i n  t h e  
The volume of  blood passing through the  

c_ /86 
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4 
lungs p e r  minute (V,) w i l l  d i sso lve  VmDa acetylene.  Thus, we can wr i te :  

The acetylene method was used by G. I. Markovskaya (1955) i n  a study o f  
t he  card iac  output of  a t h l e t e s  a t  r e s t  and under condi t ions of  muscular work. 

f 
Figure 10. Curve of Dilution of Dye. T h e  arrow represents 
t h e  moment when t h e  dye (Evans b l u e )  was injected in to  t h e  
vein.  The f i r s t  r i s e  i n  the  curve r e f l e c t s  t h e  change i n  
material  concentration d u r i n g  i t s  f i r s t  passage, the second 
r i s e  corresponds t o  t h e  r ec i r cu la t ion  wave; h i s  the  d is tance  
( i n  mm) b e t w e e n  t h e  i n i t i a l )  level of the curve and the level 
achieved a f t e r  complete mixing o f  the  dye .  The v e r t i c a l  l i n e s  

a r e  time marks ( a t  4-sec i n t e r v a l s ) .  

The method of determining the  volume pe r  minute using repeated r e s p i r -  
a t ion  of C02 i s  a l s o  based on the  Fick p r inc ip l e .  
Christensen i n  the  1930’s. In recent  years ,  i n t e r e s t  i n  t h i s  method has 
increased again,  p a r t i c u l a r l y  i n  inves t iga t ions  o f  t h e  volume per  minute 
during muscular work (Defares e t  a l ? ,  1961; Klausen, 1965; e t c . ) .  

This method was used by 

Methods based on t h e  Stewart-Hamilton pr incfp le .  A t  t h e  end o f  t h e  last 
century,  Stewart (1897) performed q u a n t i t a t i v e  measurement of blood flow by 
recording the  change i n  e l e c t r i c a l  conduct ivi ty  o f  t h e  flowing blood as common 
sa l t  was in j ec t ed  i n t o  it using a br idge c i r c u i t .  
extended a ha l f  century l a t e r  by t h e  works of  Hamilton and h i s  col leagues 
(1928-1933) who suggested a mathematical theory f o r  t h e  method and introduced 
it t o  p rac t i ce .  

The Stewart p r i n c i p l e  was 

In determining t h e  card iac  output by t h e  dye d i l u t i o n  method, a 
so lu t ion  containing a known quant i ty  o f  dye (Evans blue,  Kumassi b lue ,  
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cardiogreen or other  coarsely dispersed dye, harmless t o  t h e  organism) 

concentrat ion i s  measured i n  the  a r t e r i a l  blood. 
t r a t i o n  i n  t h e  blood i s  recorded using an oximeter (cuvet te  or e a r  type) ,  
densitometer and spec ia l  automatic c i r c u i t s .  

/ 87 i s  r ap id ly  in j ec t ed  i n t o  t h e  veinous por t ion  of t h e  blood flow, then i ts  - 
The change i n  dye concen- 

. .  

A q u a l i t a t i v e l y  s a t i s f a c t o r y  concentration curve (necessary f o r  
ca l cu la t ion  of card iac  output) can be produced using the  Ye. M. Kreps oxyhemo- 
graph, manufactured by t h e  “Krasnogvardeyets” p l an t ,  i n  which t h e  char t  d r ive  
rate can be increased t o  2-5 mm/sec. 

The increase i n  t h e  concentration curve (Figure 10) begins after some 
time has passed following i n j e c t i o n  of t h e  dye ( t h i s  i n t e r v a l  of time makes it 
poss ib le  t o  determine the  r a t e  of blood flow over the  sec to r :  
i n j e c t i o n  o f  dye -- loca t ion  of oximeter pickup). 
i t s  maximum, then begins a smooth decrease,  i n t e r rup ted  by a second 
increase  -- t he  r e c i r c u l a t i o n  wave. Kinsman, Moore and Hamilton (1929) i n  
t h e i r  ea r ly  inves t iga t ions  es tab l i shed  t h a t  when the  concentrat ion curve was 
drawn onto semilogarithmic paper, i t s  descending por t ion  (except f o r  rec i rcu-  
l a t ion )  i s  l i n e a r .  Therefore, i n  order t o  separa te  t h e  r ec i r cu la t ion  wave, 
l i n e a r  ex t rapola t ion  i s  performed from t h e  beginning o f  t h e  descending por t ion  
of t h e  conce.ntration curve, reproduced on semilogarithmic coordinates 
(Figure 11).  

po in t  of 
The curve rap id ly  reaches 

In ca lcu la t ing  t h e  blood volume per  minute by t h e  dye d i l u t i o n  method, 
t h e  following formula i s  used: 

where I is t h e  quant i ty  of dye in j ec t ed  ( i n  mg), C i s  t h e  mean concentration 
of t h e  dye ( i n  mg/L) ca lcu la ted  from the  a rea  bounded by the  d i l u t i o n  curve, 
t i s  t h e  length of t h e  wave from t h e  d i l u t i o n  curve i n  sec (from i t s  o r ig in  
t o  the  moment when the  extrapolated por t ion  crosses  t h e  abscissa)  or, i n  o the r  
words, t he  time of passage of t h e  dye, H t  is  t h e  hematocrit  ind ica tor .  The 
g rea t e s t  d i f f i c u l t y  i n  determining t h e  blood volume per  minute by the  Stewart- 
Hamilton method a r i s e s  i n  ca lcu la t ing  the  a rea  bounded by t h e  concentration 
curve, s ince  one cannot always be sure  t h a t  t h e  l i n e a r  extrapolat ion has been 
performed properly.  

t h e  c a l i b r a t i o n  index which i s  determined from t h e  r a t i o  of concentration of 
t h e  dye i n  t h e  veinous blood a f t e r  complete mixing ( a f t e r  10 min) t o  the  
quant i ty  h (see Figure l o ) ,  determined from t h e  d is tance  between t h e  i n i t i a l  
l eve l  of t h e  curve and i ts  l eve l  es tab l i shed  a f t e r  complete mixing of t h e  dye. 
The concentration of t h e  dye i s  determined using a type SF-4 spectrophoto- 
meter,,  a type FEK-M photocalorimeter,  by chemical ana lys i s ,  e t c .  

- /88 

Precise  determination of t h e  volume pe r  minute requi res  ca lcu la t ion  of 
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sec  

The dye d i l u t i o n  method can be  
used t o  det.ermine the  c e n t r a l  blood 
volume (V ) . For t h i s ,  t h e  volume 

of blood pe r  second (Vm/60) must be 

mul t ip l i ed  by the  mean time of 
i n t r a t h o r a c i c  c i r c u l a t i o n  (T) : 

C 

The mean t i m e  of i n t r a t h o r a c i c  
c i r c u l a t i o n  i s  ca lcu la ted  as 
follows : 

where C C - t  i s  t h e  sum of  the  
products of time ( i n  sec)  a f t e r  t h e  
i n j e c t i o n  and corresponding sec to r s  
of-dye concentrat ions,  S is  t h e  sum 

each second during t h e  f i rs t  passage 
Figure 1 1 .  Concentration Curve of dye concentrat ions ( i n  mg/!L) a t  
o n  Semilogarithmic Coordinates. 
O R ,  r ec i r cu la t ion  wave; O E ,  of t h e  dye. 
extrapolated portion of curve. 

The Stewart-Hamilton p r i n c i p l e  
has begun t o  be used t o  inves t iga t e  

d i l u t i o n  of o the r  i nd ica to r s  as wel l .  For example, a log ica l  development of 
t h e  dye method i s  the  method of  i n j e c t i o n  of ma te r i a l s  labeled with radio-  
a c t i v e  isotopes.  

In recent  years ,  t h e  method of determination of t h e  blood volume per  
minute from curves of so-ca l led  thermal d i l u t i o n  has become widespread. 
t h i s  method, a so lu t ion  whose temperature i s  below the  temperature of t he  
blood is in j ec t ed  i n t o  t h e  cav i ty  of t h e  r i g h t  atrium o r  v e n t r i c l e .  

femoral a r t e ry .  
Hamilton formula modified f o r  Fegler thermal d i l u t i o n  curves:  

In  

A spec ia l  
pickup reac t ing  t o  changes i n  temperatures ( thermistor)  i s  placed i n  the  - /89 

The blood volume p e r  minute i s  determined from the  Stewart- 

I 

In  this formula, dm ATBdt i s  t h e  area bounded by t h e  curve of t h e  temperature 
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change, K i s  a coe f f i c i en t  r e f l e c t i n g  the  r a t i o  of s p e c i f i c  heat capaci ty  and 
s p e c i f i c  g rav i ty  of t h e  so lu t ion  in j ec t ed  t o  t h e  s p e c i f i c  heat  capacity and 
s p e c i f i c  g rav i ty  of t h e  blood, VI is  t h e  volume of so lu t ion  in j ec t ed ,  T i s  

t h e  temperature of t h e  so lu t ion  in jec ted ,  and TB i s  t h e  blood temperature. 

Analysis of d a t a  from t h e  l i t e r a t u r e  shows t h a t  t h e  thermal d i lu t ion  
method is  q u i t e  promising i f  only due t o  t h e  fact t h a t  it allows repeated 
measurements of t h e  blood volume pe r  minute i n  a s ing le  inves t iga t ion .  
defec t  l imi t ing  the  usage of  t h i s  method f o r  inves t iga t ion  of a t h l e t e s  i s  t h a t  
it requi res  probing t h e  c a v i t i e s  of t h e  hea r t .  
d i l u t i o n  method has an advantage, i n  t h a t  an in j ec t ion  i n t o  t h e  per iphera l  
s e c t o r  of t h e  veinous network y i e lds  r a t h e r  p rec i se  information concerning t h e  
blood volume pe r  minute and o the r  hemodynamic ind ica tors .  

I 

One 

In t h i s  aspect ,  t h e  dye 
. 

Many comparisons of  t h e  r e s u l t s  produced using t h e  methods of i nd ica to r  
d i l u t i o n  w i t h  r e s u l t s  produced by t h e  d i r e c t  F i c k  method have shown t h a t  t he re  
i s  a high degree of co r re l a t ion  between them ( the  co r re l a t ion  coe f f i c i en t s  
according t o  the  da t a  of var ious authors have f luc tua ted  between +0.85 and 
+o. 99). 

Methods based on t h e  Frank pr inc ip le .  The so-cal led physical methods of  
determining the  s y s t o l i c  volume have been based on t h e  works of Frank (1920, 
1926, 1930), dedicated t o  a study of t he  wave processes i n  the  a r t e r i a l  system 
and appl ica t ions  of  t h e  theory of e l a s t i c i t y  t o  b io logica l  objects .  
es tab l i shed  t h a t  the  r e l a t i v e  increase i n  cross  sec t ion  of a vesse l  i s  
d i r e c t l y  proport ional  t o  t h e  increase i n  in t r avascu la r  pressure and inversely 
proport ional  t o  t h e  square of  t h e  rate of propagation o f  t he  pulse wave. 

Frank 

Based on t h i s ,  Broemser and Ranke (1930), and l a t e r  Wezler and Boger 
(1937) as well  as c e r t a i n  o ther  authors suggested a formula f o r  ca lcu la t ion  of- 
t he  s y s t o l i c  blood volume from da ta  produced by measuring a r t e r i a l  pressure 
and ce r t a in  sphygmographic ind ica tors .  
as follows: 

The formula of Broemser and Ranke is 

where V i s  t h e  s y s t o l i c  blood volume ( i n  ma), Q i s  t h e  cross  sec t ion  of t h e  

a o r t a  ( i n  cm2), Ps is  the- s y s t o l i c  arterial pressure,  Pd i s  t h e  d i a s t o l i c  

a r t e r i a l  pressure ( i n  dyn/cm2), z is a dimensionless constant  equal t o  0.6,  
C i s  t h e  duration of t h e  card iac  cycle  ( in  sec) ,  E i s  t h e  duration of t h e  
expulsion period ( i n  sec ) ,  p i s  t h e  densi ty  of t he  blood, assumed a t  1.06, 
a i s  the  r a t e  of propagation of t h e  pulse  wave i n  t h e  ao r t a  ( in  cm/sec). 

190 S 

The cross  sec t ion  of  t he  a o r t a  Q i s  determined from Suter  or Frucht 
t ab le s .  
method.. N .  N. Savi t sk iy  measures t h e  pulse  pressure  (Ps - Pd) as t h e  

The a r t e r i a l  p ressure  is bes t  determined using the  osc i l lographic  
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d i f f e rence  o f  t h e  lateral  s y s t o l i c  and minimal pressure on t h e  tachoosci l lo-  
gram. The pressure values ,  expressed i n  millimeters of mercury, are multi-  
p l i ed  by 1332 i n  order t o  t r a n s l a t e  them t o  dyn/cm2. 

The formula o f  Wezler and Boger i s  as follows: 

. 

is  Tfem In t h i s  formula the  syrnbols are the  same as i n  formula (17). 

t he  durat ion of t h e  base o s c i l l a t i o n  of t he  femoral pulse  i n  sec .  Determina- 
t i o n  of t h i s  quant i ty  i s  i l l u s t r a t e d  by Figu,re 71. 

Calculation o f  t he  s y s t o l i c  volume using t h e  formula of Broemser and Ranke 
i s  easy t o  perform i f  the re  is an N. N. Savi tskiy mechanocardiograph o r  two- 
channel sphygmographic attachment for t he  "Orion'l f ive-channel e l ec t ro -  
cardiograph ava i lab le .  In  order  t o  determine V using the  Wezler-Boger 

formula, only a q u a l i t a t i v e  recording of  sphygmograms with t h e  ca ro t id  and 
femoral a r t e r i e s  are required,  s ince  the  ar ter ia l  pressure i s  determined a f t e r  
Korotkov. 
measurements of s y s t o l i c  volume and volume per-minute  using t h e  Fick method. 
The d i f fe rences  i n  s y s t o l i c  volume have been reported by var ious authors 
(Hauch, Donnel, 1954; Schmid, Reubi, 1953; Warembourg e t  a l . ,  1963) as being 
r a t h e r  considerable (25-30%). The i n s u f f i c i e n t  accuracy i n  determining t h e  
absolute  values of  s y s t o l i c  volume using formulas (17) and (18) i s  compensated 
f o r  by t h e  p o s s i b i l i t y  of  f requent ,  nontraumatic inves t iga t ion  of t h i s  
i nd ica to r  with any t e s t  subject .  This q u a l i t y  of t h e  physical methods of 
inves t iga t ion  of card iac  output makes them promising f o r  usage i n  spo r t s  
medicine, where dynamic observations o f  t es t  subjec ts  are of extreme 
importance . 

S 

The accuracy of  these  methods has been t e s t e d  by comparison with 

In recent times, w e  have begun t o  use combined determination of  V using 
t h e  Broehser-Ranke and Stewart-Hamilton methods (V. L. Karpman and L.  A.  Io f f e ,  
1966). When t h i s  is  done, w e  can determine f o r  a given t e s t  subject  not only 
t h e  pr'ecise value of V 

var ious act ions.  The technique of t h i s  method cons i s t s  of  t h e  following. 
While the  test subject  i s  a t  res t ,  t he  concentration curve of  dye d i lu t ion ,  
sphygmogram of t h e  caro t id .and  femoral arteries and a tachooscillogram are 
recorded. On t h e  bas i s  of these  recordings,  t h e  blood volume per  minute is  
determined using t h e  Stewart-Hamilton method. 

t he  number of  hear tbea ts  and, consequently, t h e  blood volume pe r  beat i s  
determined f o r  t h e  given test  subject  with good accuracy. 
Vs thus  determined, and a l s o  on t h e  bas i s  of  da t a  on t h e  value of a, 
(Ps - Pd), C and E, t h e  values  of  t h e  constant f ac to r s  i n  formula (17) are 

determined f o r  t h e  given t e s t  subjec t .  These constants  i n  formula (17) are 

S 

but a l s o  i t s  changes a r i s i n g  under t h e  inf luence of 
S' 

- /91 

The value of  Vm is  divided by 

Using t h e  value of 

81 



Q, z and p .  
K = Q*z/p, we f i n d  it from t h e  following equation: 

Assuming t h e i r  r e l a t ionsh ip  f o r  t h e  given tes t  subjec t  as 

Knowing the  ind iv idua l  value of  K,  we perform f u r t h e r  inves t iga t ion  of  
t h e  card iac  output of t h e  test subject  during work1 and recovery by using a 
reduced vers ion of t h e  Broemser-Ranke formula: 

Similar ly ,  t h e  value of K can be calculated f o r  t h e  Wezler-Boger formula. 

Methods based o n  Newtonian mechanics. Henderson (1905) was apparently 
one of t h e  f i rs t  t o  use t h e  laws of Newton f o r  ,determination of t h e  s y s t o l i c  
volume, using a method which S t a r r  (1939) la ter  ca l l ed  bal l is tocardiography.  
Each time the  hea r t  cont rac ts ,  under t h e  inf luence of t h e  expulsion of blood 
and o ther  i n t e r n a l  r e a c t i v e  forces ,  t h e  human body rece ives  an acce lera t ion ,  
t h e  value of which i s  proport ional  t o  t h e  operating fo rce ,  according t o  
Newton's second l a w  of motion: 

These phenomena are recorded using a ba l l i s tocard iograph ,  and can be 
used, according t o  simple t h e o r e t i c a l  considerat ions,  f o r  determination of t h e  
s y s t o l i c  blood volume. S t a r r  and h i s  colleagues (1939), Nickerson (1947) and 
c e r t a i n  o ther  authors suggested spec ia l  formulas f o r  ca lcu la t ion  of card iac  

low-frequency ba l l i s tocard iographs  do not provide f o r  p rec i se  determination of 
t h e  blood volume pe r  bea t .  Therefore, t h e  formulas of  S t a r r  and Nickerson are 
not used a t  the  present  time. 

output using bal l is tocardiography.  However, as it turned out ,  high- and - /92 

The f a i l u r e s  of q u a n t i t a t i v e  bal l is tocardiography i n  the  first s tages  of 
development of t h e  method led t o  searches f o r  improved instrument designs. 
a r e s u l t ,  ultralow-frequency and aperiodic  elongation ba l l i s tocard iographic  
t a b l e s  were developed. 

A s  

During muscular work, measurement of a r t e r i a l  p ressure  and recording of t h e  
tachooscillogram are d i f f i c u l t .  
under these  conditions.  Therefore, d i r e c t  measurement of a r t e r i a l  pressure i s  
most des i r ab le  under these  condi t ions.  

The auscul ta t ive  method i s  qu i t e  unsui table  
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The extensive l i t e r a t u r e  on t h e  inves t iga t ion  o f  s y s t o l i c  volume under 
normal and pathological  condi t ions,  t he  s i m p l i c i t y  o f  inves t iga t ion  using 
elongat ion bal l is tocardiography,  t h e  p o s i t i v e  t e s t  comparisons with t h e  Fick 
method allow us t o  look upon t h e  Klensch method (1956, 1958, 1959) as a 
promising method for s p o r t s  medicine. This is  indica ted  by t h e  inves t iga t ion  
of  Klensch and Hohnen (1958) i n  which, using elongation bal i is tocardiography,  
changes i n  s y s t o l i c  volume during muscular work i n  heal thy persons (including 
a t h l e t e s )  were inves t iga ted .  

Certain other  methods f o r  determining card iac  output.  A number o f  
comparatively new methods f o r  determining ca rd iac  output a r e  d i f f i c u l t  t o  
r e l a t e  with any c l a s s i f i c a t i o n  plan.  I t  might be assumed t h a t  c e r t a i n  of 
these  methods can be used i n  spo r t s  medicine. 

The inves t iga t ion  of  t h e  a r t i f i c i a l  s y s t o l e  i n  corpses.allowed S t a r r  
(1954) t o  produce an empirical dependence f o r  determination of s y s t o l i c  
volume : 

where AP is  the  pulse  pressure  ( in  mm Hg), P i s  t h e  d i a s t o l i c  pressure  ( i n  

mm Hg), B is t h e  age ( i n  years) .  
d 

In  a spec ia l  i nves t iga t ion ,  t he  values  of  s y s t o l i c  volume ca lcu la ted  by 
t h i s  formula f o r  400 p a t i e n t s  was compared by S t a r r  with the  values ca lcu la ted  
using t h e  Fick method, t h e  acetylene method, t h e  dye d i l u t i o n  method. 

Sa t i s f ac to ry  r e s u l t s  were produced. However, i n  t h e  objec t ive  works by 
Luthy e t  a l .  ‘(1957), G.  A. Glezer (1964), Shteyngardt (1964) when t h e  
q u a n t i t i e s  produced by t h e  S t a r r  formula were compared with those produced by 
the  Fick and Hamilton method, it was shown t h a t  t h e  S t a r r  formula gives  
s a t i s f a c t o r y  r e s u l t s  only f o r  heal thy persons a t  r e s t .  

A s impl i f ied  method f o r  determining card iac  output based on t h e  Vierordt 
formula was suggested by Frick (1963): 

where K is a coe f f i c i en t ,  t he  value of which was determined by t h e  author  on 
t h e  b a s i s  of h i s  own da ta  as 11.7; VB i s  t h e  volume of c i r cu la t ing  blood; T i s  

t h e  blood flow time over t h e  arm-ear sec tor .  

- /93 

The c o r r e l a t i o n  between t h e  r e s u l t s  produced by t h e  Stewart-Hamilton 
method and t h e  resu l t s .produced  by ca l cu la t ions  us ing  formula (23) was found 
t o  be q u i t e  s a t i s f a c t o r y  ( r  = +0.68). The method excludes the  extremely 
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cumbersome por t ion  of  t h e  ca lcu la t ions  -- t h e  determination of t h e  a rea  
bounded by t h e  curve of i nd ica to r  d i l u t i o n ,  which s i g n i f i c a n t l y  acce lera tes  
measurement of  t h e  blood volume pe r  minute. 

Calculation o f  certain indicators characterizing the work o f  the 
circulatory apparatus based on data on cardiac output. Information on cardiac 
output is  necessary i n  order  t o  ca l cu la t e  a number of o the r  physiological 
i nd ica to r s ,  i n  p a r t i c u l a r  f o r  a determination of t h e  mechanical work performed 
by t h e  v e n t r i c l e  of t h e  hear t .  

The magnitude of  work performed by t h e  l e f t  v e n t r i c l e  (A) can be 
ca lcu la ted  using t h e  following formula: 

In  t h i s  equation: 1) P i s  t h e  mean a r t e r i a l  pressure which i n  t h i s  case m 
can be conveniently wr i t t en  i n  grams. For t h i s j  t he  value of Pm expressed i n  

mi l l imeters  of mercury i s  mul t ip l ied  by 1.32. 
Wezler and Boger (1939), t h e  mean pressure  can be r a t h e r  p rec i se ly  ca lcu ta ted  
using the  following formula: 

According t o  t h e  da ta  of 

where P i s  t h e  s y s t o l i c  pressure,  Pd is the  d i a s t o l i c  pressure;  
S 

2) V is  t h e  s y s t o l i c  blood volume ( in  cubic cent imeters) ,  m is  t h e  
S 

weight of t h e  s y s t o l i c  blood volume ( i n  grams). 
mult iplying t h e  s y s t o l i c  volume by 1.05; 

This quant i ty  i s  produced by 

3) v i s  t h e  l i n e a r  speed of blood i n  the a o r t a  (cm/sec). In order t o  
determine t h i s  f i gu re ,  w e  must know t h e  t ransverse  cross  sec t ion  of t h e  a o r t a  
(Q) ,  t h e  durat ion of t h e  expulsion phase (E) and the  s y s t o l i c  blood volume 
(Vs). Then: 

4) The acce lera t ion  of g rav i ty  (g) i s  981 cm/sec2. 

The work i s  expressed e i t h e r  i n  kilogram meters o r  i n  ergs .  The work of 
t h e  hea r t  over any given time i n t e r v a l  ( for  example p e r  second, per  minute o r  
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per hour) i s  f requent ly  ca lcu la ted  o r ,  which amounts t o  t h e  same th ing ,  t h e  
power of t h e  hea r t  cont rac t ion  is  determined. 

Under normal condi t ions,  t h e  work of t h e  hea r t  i s  expended primari.ly i n  /94 - 
overcoming the  r e s i s t ance  i n  t h e  a o r t a  (Pm*Vs) and t o  a considerably l e s s e r  

extent  (m*v2/2 g)  i n  acce lera t ing  t h e  blood column. However, as the  output is 
increased, t he  s p e c i f i c  g rav i ty  of  t h e  k i n e t i c  f a c t o r  i n  t h e  work of t he  h e a r t  
increases  e s s e n t i a l l y  (up t o  30%). This usua l ly  occurs during muscular work. 

The hydraul ic  r e s i s t ance  of t h e  ves se l s  of t h e  organism t o  blood flow, an 
important physiological  ind ica tor ,  is  broadly used i n  theo re t i ca l  and c l i n i c a l  
inves t iga t ions .  
Consequently, a ca lcu la t ion  of t h e  per iphera l  r e s i s t ance  might be t h e  purpose 
of a study of a r t e r i o l a r  tonus, i t s  dynamics under var ious physiological  and 
pathological  conditions.  This ' information i s  necessary f o r  an inves t iga t ion  
of  t h e  mechanism of regula t ion  of mean a r t e r i a l  pressure.  

The g r e a t e s t  r e s i s t ance  i s  presented, by t h e  a r t e r i o l e s .  

The value of hydraul ic  r e s i s t ance  i s  usually. calculated using t h e  
Po i seu i l l e  formula, which can be wr i t ten  i n  the  following form: 

where 2 is  t h e  length,  R is  t h e  rad ius  of t h e  tube, 11 i s  t h e  v i scos i ty  of  t h e  
l i qu id ,  P1 - P 2  is  the  pressure  grad ien t ,  v is the  rate of blood flow by 

volume. 
r e s i s t ance  (W) : 

The l e f t  por t ion  of t he  equation (27) represents  t h e  hydraul ic  

Obviously, when humans are being inves t iga ted  equation (28) cannot be 
used, s ince  we do not  know 2 ,  R and n ,  so t h a t  equation (27) is  reduced t o  a 
form similar t o  Ohm's l a w  f o r  e l e c t r i c a l  c i r c u i t s ,  so t h a t  ca lcu la t ion  of 
per iphera l  r e s i s t ance  is  performed using t h e  following formula: 

where Pm i s  t h e  mean a r t e r i a l  p ressure  ( in  mm Hg); 1332 i s  t h e  f a c t o r  f o r  

t r a n s l a t i n  millimeters of  mercury t o  dyn/cm2; V is  t h e  volume of blood per  
'second (cm !l /sec) ,  W is  t h e  per iphera l  r e s i s t ance  ( in  dyn/sec-cm5). 
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In  equation (29),  Pm i s  taken i n  p lace  of  t h e  pressure  grad ien t  between 

t h e  a r t e r i e s  and veins i n  t h e  systemic c i r c u l a t i o n ,  s ince  t h e  pressure  i n  t h e  
veins  and r i g h t  atrium is  comparatively low and can be ignored. 

Under normal condi t ions,  t he re  is  a clear dependence between card iac  
output and per iphera l  r e s i s t a n c e  (Ye. B. Babskiy, V. L. Karpman and - /95 
M. A. Abrikosova, 1960), which is expressed by t h e  following formula: 

where W i s  t h e  per iphera l  r e s i s t a n c e  ( i n  dyn/sec-cm5), V 

minute ( i n  Rlmin). 
is t h e  volume p e r  m 

I t  follows from analys is  o f  equation (30) t h a t  i n  t h e  a rea  of normal and 
high values  of per iphera l  r e s i s t ance ,  card iac  output  remains p r a c t i c a l l y  
unchanged, whereas when W decreases card iac  output progress ive ly  increases ,  
reaching 30 R/min as W = 175 dyn/sec*cm5. Equation (30) e s t ab l i shes  t h e  
normal r e l a t ionsh ip  between card iac  output and per iphera l  r e s i s t a n c e  with 
var ious values of  t h e  r e s i s t ance .  

Invest igat ion of card iac  ou tpu t  i n  s p o r t s  medicine. The inves t iga t ion  of  
Lindhard card iac  output i n  a t h l e t e s  was begun more than one-half century ago. 

(1915) f irst  s tudied  t h e  changes i n  blood volume pe r  minute occurr ing under 
t h e  inf luence  of systematic  t r a in ing .  Subsequently, i nves t iga t ion  of t h e  
volume p e r  minute i n  a t h l e t e s  a t t r a c t e d  t h e  a t t e n t i o n  of Barcroft  (1935), 
Henderson, Haggart and Dolley (1927), Col le t  and L i l i j e s t r a n d  (1924), 
Stewart and Watson (1940), Berger and Olloz (1935), Reindell  and Delius 
(1948), Reindell  (1943), Schneider and Crampton (1940), Mellerowicz (1956), 
I s r a e l  e t  a l .  (1946), e t c .  

In t h e  Soviet  Union, the  card iac  output of heal thy persons (including 
a t h l e t e s )  has been s tudied  by S. 0. Vul 'fovich and A. V. Kukoverov (1935), 
A. V. Ionina (1939), Yu. I .  Kuznetsov (1958), A. P. Polosukhin (1937), 
V. V. Skryabin (1950), G .  I .  Markovskaya (1955), V. N. Kuz'mina (1954), 
A. N. Vorob'yev (1962), V. V.  Vasil 'yeva (1965), e t c .  In  these  invest igat ions- .  
var ious  methods were used t o  determine the  volume p e r  minute and s y s t o l i c  
volume, including p a r t i c u l a r l y  gas a n a l y t i c  and sphygmographic methods. 

Judging from t h e  da t a  of most i nves t iga to r s ,  i n  a t h l e t e s  a t  rest t h e  
volume per  minute i s  decreased. 
produced by var ious  au thors ,  s ince  they used var ious methods and l imi t ed  t h e i r  
i nves t iga t ions  t o  small groups of a t h l e t e s .  In  an inves t iga t ion  of a l a r g e  
group of a t h l e t e s  (107 persons) ,  a s i g n i f i c a n t  decrease i n  blood volume pe r  
minute (2.74 R/min aga ins t  4.8 R/min f o r  untrained persons) was noted by 
Mellerowicz (1956) who used t h e  Broemser-Ranke method. A decrease i n  volume 
p e r  minute i n  a t h l e t e s  was a l s o  observed by Reindell  and Delius (1948), Berger 

I t  i s  d i f f i c u l t  t o  compare t h e  r e s u l t s  
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and Olloz (1935), I s r a e l  et  a l .  (1964) (physical  methods), G. I .  Markovskaya 
(19551, V. N. Kuz'mina (1954) (acetylene method) and many o thers .  

A decrease i n  volume p e r  minute i n  a t h l e t e s  a t  r e s t  i s  t h e  b a s i s  of  t h e  
so-ca l led  "economy pr inc ip le"  (Mellerowicz, 1956). The decreased volume p e r  
minute, increased r e s idua l  s y s t o l i c  volume (Klepzig, 1955), decrease i n  oxygen 
consumption a t  rest a l l  go toge ther  t o  provide a high func t iona l  reserve  of  
t h e  "sports  hear t . "  G .  I. Markovskaya (1955) considers t h a t  t h e  changes i n  
volume p e r  minute i n  a t h l e t e s  r e f l e c t  t o  some extent  t h e  s t a t e  of t r a in ing :  
under conditions of Itsports form" t h e  value of volume pe r  minute f o r  a given 
person a t  r e s t  is  minimal, while during "detraining" it increases .  

/96 - 

However, t h e r e  a r e  o the r  d a t a  concerning t h e  value of volume p e r  minute 
i n  a t h l e t e s  a t  r e s t .  Thus, Lindhard (1915), Henderson e t  al.. (1927), 
A. V. Ionina (1939), Yu. I. Kuznetsov (1958) and c e r t a i n  o ther  au thors  found a 
moderate increase  i n  blood volume p e r  minute i n  a t h l e t e s  a t  r e s t .  Possibly 
t h e i r  r e s u l t s  were influenced by t h e  small number of  t e s t  subjec ts  inves t -  
iga ted  by these  authors ,  while i n  c e r t a i n  cases  ( fo r  example, Lindhard, 1915) 
t h e r e  were defec ts  i n  t h e i r  methodology as wel l .  

Information on t h e  inf luence of systematic t r a i n i n g  on t h e  va lue  of 
s y s t o i i c  volume a t  r e s t  has been q u i t e  var ied.  Without going i n t o  a d e t a i l e d  
ana lys i s  of t h i s  problem (see Chapter I )  we note  t h a t  an increase  i n  s y s t o l i c  
volume a t  r e s t  is  noted as a r u l e  with c l e a r  bradycardia.  Under condi t ions of 
normal rhythm t h e  quan t i ty  of blood.output by t h e  hea r t  i n  one cont rac t ion  i s  
genera l ly  decreased i n  a t h l e t e s .  

Under the  inf luence of muscular work (see a l s o  Chapter 11) the  volume of 
blood pe r  minute i n  a t h l e t e s  i s  increased. 
t o  t h e  i n t e n s i t y  of t he  physical  load and t h e  increased consumption of 
oxygen. According t o  the  da ta  of Noder (1964), t h e  i n t e r r e l a t i o n s h i p  between 
the  volume of blood per  minute (Vm) and the  amount of  oxygen consumed (V 

can be described by the  following equation 

This increase  i s  proport ional  

) 
O2 

where K i s  an ind iv idua l  constant .  

The inves t iga t ions  of  Asmussen e t  a l .  (1953, 1955), Astrand e t  a l .  
(1964) (dye d i l u t i o n  method), Reindell  (1960) ( d i r e c t  F i c k  method), Bevegard 
e t  a l .  (1960) (dye d i l u t i o n  method), S a l t i n  e t  a l .  (1964) (dye d i l u t i o n  
method) have ind ica ted  t h a t  t h e  s y s t o l i c  volume reaches i t s  maximum value  a t  

, 40% oxygen consumption as r e l a t e d  t o  i t s  maximum leve l .  Subsequently, 
s y s t o l i c  volume remains p r a c t i c a l l y  unchanged o r ,  i n  t he  opinion of Asmussen 
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e t  al .  and Reindell ,  as t h e  i n t e n s i t y  o f  t he  work increases  and the  pulse  
frequency goes up, may even decrease.  

Q u a l i t a t i v e l y  d i f f e r e n t  changes are observed when s t a t i c  work i s  - /97 
performed (Lindhard, 1915; V. V. Skryabin, 1950; A.  N. Vorob'yev, 1961, 1962; 
etc.). When static e f f o r t  i s  appl ied,  u sua l ly  involving increased muscular 
tens ion ,  t h e  volume per  minute of untrained persons increases  only s l i g h t l y ,  
or may even decrease. 
observed, along with a decrease i n  s y s t o l i c  volume r e s u l t i n g  from decreased 
veinous inf lux .  
it leads t o  a decrease i n  t h e  volume pe r  minute. 
t h e  s y s t o l i c  volume i s  increased (although it genera l ly  does not  reach i t s  
i n i t i a l  l e v e l ) .  
card iac  a c t i v i t y  a f t e r  t h e  completion of s t a t i c  muscular work apparent ly  
depends on t h e  increased veinous r e t u r n  of blood a f t e r  t h e  tension is  
released.  

Most f requent ly ,  an increase i n  pulse  frequency i s  

The decrease i n  s y s t o l i c  volume is f requent ly  s o  g rea t  t h a t  
Upon completion of t h e  work, 

This reinforcement of Also, t h e  volume p e r  minute increases .  

A d i f f e r e n t  p i c t u r e  has been observed i n  highly q u a l i f i e d  weight l i f t e r s ,  
i n  whom during work an increase  i n  pulse  frequency, a s l i g h t  increase i n  
s y s t o l i c  volume and correspondingly more c l e a r l y  expressed increase i n  volume 

, p e r  minute were noted i n  a l l  cases without exception. 
work, a sharp increase  i n  the  volume p e r  minute and s y s t o l i c  volume a r e  
observed . 

Upon completion of 

Phase Analysis o f  t h e  Cardiac Contraction i n  Athletes  

Phase ana lys i s  of card iac  a c t i v i t y  provides a l a rge  volume o f  useful  
information concerning t h e  cont rac t ive  func t ion  of t h e  myocardium. 
bas i s  of a ca l cu la t ion  of t h e  durat ion of the  phases of t he  card iac  cycle  and 
combined ind ica to r s  of cardiodynamics, we can objec t ive ly  descr ibe  the  s t a t e  
of  t h e  cont rac t ive  capaci ty  o f  t he  myocardium, inves t iga t e  t h e  q u a l i t y  of t h e  
regula t ion  of t h e  c i r cu la to ry  apparatus and analyze the  reac t ion  of t h e  hea r t  
t o  var ious types o f  loads. 

On t h e  

Phase ana lys i s  has begun t o  be used i n  spo r t s  medicine comparatively 
r ecen t ly ,  j u s t  s ince  r a t h e r  p rec i se  methods of temporal ana lys i s  of  the  
card iac  cycle  have been introduced t o  inves t iga t ive  p rac t i ce .  
times, a number of i n t e r e s t i n g  inves t iga t ions  have been performed using phase 
ana lys i s  i n  spo r t s  medicine (Ya. G .  Ablov, 1961; 0. N. Belina, 1965; 
R. D.  Dibner, 1963; L. A. I o f f e ,  1962; K. M. Smirnov and N .  V. Zaytseva, 
1964; V. A. Tishler ,  1963; Y a .  I. Ul 'brikh, 1962; N. I. Yachmenev, 1959; 
Yu. K. Shkhvatsabaya, 1964; V. G .  Leoshenko, 1966). 

Thus, i n  recent  

Modern.concepts concerning the  phase s t r u c t u r e  of t h e  card iac  cycle  a r e  
founded on the  c l a s s i f i c a t i o n  plan of Hurthle (1891) and Wiggers (1921). 
Hurthle 
per iod,  expulsion, r e l axa t ion  and f i l l i n g .  Wiggers (1921) d i f f e r e n t i a t e d  
t h r e e  s y s t o l i c  phases ( the  phase of isometr ic  cont rac t ion ,  phases of maximum 

(1891) divided t h e  card iac  cycle i n t o  fou r  per iods -- t he  s t r e s s  - /99 
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and reduced expulsion) and f i v e  d i a s t o l i c  phases (pro todias to le ,  phase of 
i somet r ic  r e l axa t ion ,  phase of rap id  and slow f i l l i n g  and au r i cu la r  sys to l e ) .  

After t h e  work of  Holldack (1951), it became obvious t h a t  t h e  s y s t o l i c  
phases should a l s o  be given an electromechanical l a t e n t  per iod,  beginning 
p r a c t i c a l l y  synchronously with depolar iza t ion  of t h e  myocardium and ending 
at  t h e  moment o f  c losure  of t h e  a t r i o v e n t r i c u l a r  valves .  

The diagram (p. 90) presents  t h e  phase s t r u c t u r e  of  t h e  card iac  cycle  i n  
A 'br ief  physiological  cha rac t e r i za t ion  of  each of  somewhat general ized form. 

t hese  phases w i l l  be presented below when we discuss  t h e  cardiomanometric 
method of phase ana lys i s .  

Certain methods of inves t iga t ing  t h e  phase s t r u c t u r e  of t h e  cardiac 
cycle.  
approaches allowing one t o  compose an idea of  t he  durat ion of t h e  phases of  
t h e  card iac  cycle.  
accuracy o r  i n  the  volume of information which they present .  

A t  the  present  time, t h e r e  a r e  a l a rge  number of methodological 

Not a l l  of  t hese  methods a r e  equal e i t h e r  i n  t h e i r  

In t h i s  chapter  we present  information on the  two most p rec i se  methods of  
phase ana lys i s  -- t h e  cardiomanometric and polycardiographic methods. In  
Chapter V I  we w i l l  demonstrate t he  p o s s i b i l i t i e s  of dynamocardiography and 
kinetocardiography i n  t h e  study of  t h e  dura t ion  of t h e  phases of t he  card iac  
cont rac t ion ,  while i n  Chapter V I 1  we w i l l  o u t l i n e  the  p o s s i b i l i t i e s  of 
electrokymography. 

Cardiomanometry i s  a p rec i s ion  method of phase ana lys i s .  The ca l cu la t ion  
of t h e  durat ion of  phases using t h i s  method i s  performed by analyzing 
synchronously recorded (o r  synchronized) curves of  t h e  pressure  i n  t h e  atrium, 
v e n t r i c l e  and t h e  corresponding main vesse l  -- t he  a o r t a  o r  pulmonary a r t e r y  
and t h e  electrocardiogram (Figure 12).  Each of t hese  curves shows physio- 
l og ica l ly  determined poin ts ,  t h e  i n t e r v a l s  between which correspond t o  t h e  
phases of t h e  card iac  cycle .  

Let us analyze the  phase s t r u c t u r e  ( in  t h e  sequence shown on t h e  d ia -  
gram) * 

The phase of asynchronous cont rac t ion  (otherwise c a l l e d  t h e  e l ec t ro -  
mechanical l a t e n t  per iod,  Umfomungszeit, e t c . )  corresponds t o  the  Q-B 
i n t e r v a l  (Figure 12).  
cont rac t ive  wave through t h e  myocardium. A t  t h e  end of t h i s  phase (point B ) ,  
t he  i n t r a v e n t r i c u l a r  pressure  begins t o  increase.  During t h e  phase of 
asynchronous cont rac t ion ,  a change i n  t h e  form of the  v e n t r i c l e s  occurs 
(Holldack, 1951; V. L. Karpman and V. S. Sinyakov, 1965). 

I t  r ep resen t s  t h e  time of propagation of t he  
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Figure 12. Criterion for Sep- 
arat ion of Card iac Contract ion 
Cycle into Phases. EKG, elec- 
t rocard i ogram; PKG, phonocard i - 
ocjram; P ,  curve of pressure in 
atrium; L V ,  Curve of pressure 
in left ventricle; Ao, curve 
of pressure in aorta; SG, 
sphygmogram o f  carotid artery. 
Abbreviated representations of 
phases of cardiac cycle: Sa, 
auricular systole; AC, asyn- 
chronous contraction; IC, iso- 
metric contraction; Em, maxi- 
mum expulsion phase; Er, redu- 
ced expulsion phase; P ,  proto- 
iastolic interval; IR, isometric 
relaxation phase; Fry phase of 
rapid filling, Dy, diastasis 

The phase of isometric contraction /lo0 - 
(otherwise called the closed valve 
period, phase of isovolumetric con- 
traction) corresponds to the B-C 
interval (Figure 12). It is char- 
acterized by a sharp increase in the 
intraventricular. pressure to the level 
of the final diastolic pressure in the 
main vessels. Rushmer (1956), and 
following him others (Hawthorne, 1961; 
S. F. Oleynik and P. M. Balabayeva, 
1963; V. L. Karpman and V. S. Sinyakov, 
1965) showed that during the period of 
closed valves, the ventricles are 
contracted in a nonisometric regime. 
The longitudinal diameter of the 
ventricle decreases, while its trans- 
verse diameter increases. 

The total length of the phases of 
asynchronous and isometric contraction 
correspond to the duration of the 
period of stress in the concepts of 
Hurthle (1891) and Blumberger (1942). 

During the period of expulsion 
(C-E interval on Figure 12) the 
emptying of the heart, as Wiggers 
showed (1921), is accomplished 
unevenly. Thus, a considerable 
emptying occurs at the very beginning 
of this period. 
period, a negative pressure gradient 
may even arise in the system ventricle- 
aorta (Spenser and Greiss, 1962). It 
follows from this that separation of 
the expulsion period into individual 
phases -- the phase of maximum expul- 
sion (the interval C-D on Figure 12) 
and the phase of reduced expulsion (the 
interval D-E on Figure 12), as was done 
by Wiggers (1921), has concrete 
physiological significance. However, 
essentially, no criterion for this 
separation exists. The usage of 
pressure curves in the principal 
vessels for this purpose yields only 
approximate data. Other methods -- 
sphygmography, electrokymography -- 
produce even less accurate data. 

At the end of the 

- /lo1 
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Our a t t e n t i o n  i s  drawn t o  t h e  physiological  unce r t a in ty  of  the  concept 
"systole." 
sys to l e s  -- t he  mechanical and t h e  general  s y s t o l e  (V. L. Karpman, 1965). The 
mechanical s y s t o l e  ( i n t e r v a l  B-E) corresponds t o  the  time during which high 
pressure  i s  maintained i n  t h e  v e n t r i c l e s .  
is  t h e  t i m e  during which t h e  con t r ac t ive  process occurs i n  t h e  myocardium. 

Apparently, it i s  expedient t o  speak of  two forms o f  v e n t r i c u l a r  

The general  s y s t o l e  (Q-E i n t e r v a l )  

The i n i t i a l  po r t ion  of  t he  f irst  d i a s t o l i c  per iod -- t he  per iod of 
r e l axa t ion  -- i s  represented as t h e  p r o t o d i a s t o l i c  interval (E-F on 
Figure 12).  The beginning of t h i s  i n t e r v a l  corresponds t o  t h e  beginning of  
r e l axa t ion  of  t h e  myocardium, the  end -- t o  t he  moment of c losure of t h e  
a o r t i c  valves  (point  F). This is  followed by t h e  phase of isometr ic  r e l ax -  
a t ion  (F-V i n t e r v a l )  which the  e a r l i e r  authors  r e fe r r ed  t o  as the  second 
per iod o f  closed valves .  During t h i s  phase, r e l axa t ion  of t he  myocardium 
occurs under nonisometric conditions.  
t h i s  phase be c a l l e d  the  isovolumetric r e l axa t ion  phase (Hawthorne, 1961; 
S .  F. Oleynik, P. M. Balabayeva, 1963). 

This r e s u l t e d  i n  the  suggestion t h a t  

Af te r  t he  pressure  i n  t h e  v e n t r i c l e  decreases t o  t h e  l e v e l  of t h e  
pressure  i n  the  corresponding atrium (point V ) , . t h e  cuspid valves  open and t h e  
per iod of f i l l i n g  of t h e  v e n t r i c l e s  with blood ( i n t e r v a l  V-Q) begins.  Luisada 
(1958) d iv ides  t h i s  per iod i n t o  the  phases of rapid passive,  slow passive and 
r ap id  a c t i v e  f i l l i n g ,  which i n  general  corresponds t o  t h e  d iv i s ion  of  t h i s  
per iod i n t o  t h e  phase o f  rap id  f i l l i n g  (V-Y i n t e r v a l  on Figure 1 2 ) ,  d ias tas is  
( i n t e r v a l  Y-al on Figure 12) and au r i cu la r  s y s t o l e  ( in t e rva l  al-a2 on 
Figure 12).  

A t  t he  beginning of  t h e  phase of  r ap id  f i l l i n g ,  t he  f i b e r s  of the  
myocardium continue t o  r e l ax .  
c l e s  a r e  p r a c t i c a l l y  completely f i l l e d  with blood. .During d i a s t a s i s ,  
f i l l i n g  of  t he  v e n t r i c l e s  is  e i t h e r  very s l i g h t  or completely absent.  
t he  au r i cu la r  s y s t o l e ,  forced f i l l i n g  of t h e  v e n t r i c l e s  occurs. 
phase of  the  card iac  cyc le ,  a c e r t a i n  p re sys to l i c  s t r e s s  of t he  myocardium and 
i t s  i n i t i a l  p r e s y s t o l i c  volume ( f i b e r  length) a r e  formed. 

During t h i s  phase the  c a v i t i e s  of  t h e  v e n t r i -  

During 
During t h i s  

Thus, t he  cardiomanometric method of phase ana lys i s  allows complete 
d i f f e r e n t i a t i o n  of  t he  ca rd iac  cycle i n t o  per iods and phases t o  be performed. 
However, t h e  usage of  t h i s  method i n  the  p r a c t i c e  of spo r t s  medicine i s  q u i t e  
d i f f i c u l t ,  s ince  it requ i r e s  ca the t e r i za t ion  of t h e  hea r t .  

The polycardiographic method of  Blumberger (1942) has become widely used - / l o 3  
i n  medical t e s t i n g  and i n  c l i n i c a l  p rac t i ce .  
well  founded, p rec i se ,  completely s a f e  and causes no discomfort t o  t he  t e s t  
subjec t .  
recording of t h e  electrocardiogram, phonocardiogram and c e n t r a l  pulse  curve 
(Figure 13).  
d i a s t o l i c  phases cannot be d i f f e r e n t i a t e d  by t h i s  method. 

This method i s  phys io logica l ly  

Recording of  phases according t o  Blumberger requi res  synchronous 

Probably t h e  only defec t  of t h e  method i s  t h e  f a c t  t h a t  t h e  
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Figure 13. Synchronous Recording of  Electro-  
cardiogram, Phonocard iogram and Carot id Ar tery  
Sphygmogram Used t o  Ca lcu la te  Length of  Cardiac 
Cycle Phases. a ,  Normal polycardiogram of  heal thy 
person ( a t h l e t e ) ;  b ,  A l te red  polycardiogram during 
muscular work. Chart d r i v e  speed on Figures a 

and b i d e n t i c a l .  Explanation i n  t e x t .  
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When an electrocardiogram i s  recorded, an e f f o r t  must be made t o  produce 
a c l e a r  Q wave. 

Under condi t ions of  a t h l e t i c  a c t i v i t y ,  it is  expedient t o  record e l ec t ro -  
cardiograms using t h e  leads  described by Neb (1938) or according t o  t h e  method 
of L .  A. Butchenko (1963). 

The recording o f  phonocardiograms should be performed using the  middle 
frequency c h a r a c t e r i s t i c s  o f  Maass and Weber. 
Holldack (1951) showed t h a t  f o r  q u a l i t a t i v e  phase ana lys i s ,  recording of t h e  
phonocardiogram should be performed using ampl i f ie rs  with a "dip" i n  t h e  
frequency c h a r a c t e r i s t i c  below 150 Hz. 

In a s p e c i a l  i nves t iga t ion ,  

In  spo r t s  medicine p r a c t i c e ,  t h e  c e n t r a l  sphygmogram should be recorded 
from the  l eve l  of t he  c a r o t i d  a r t e r y .  

Yu. K.  Shkhvatsabaya (1963) developed a technique f o r  remote recording of  
polycardiograms. 
system allowing t h e  electrocardiogram, phonocardiogram and sphygmogram t o  be 
recorded during muscular work. c 

Figure 14 shows the  loca t ion  of pickups and t h e  fas ten ing  

- - - - . - . __ - .- - - .. - In  order  t o  perform phase 
I a na lys i s ,  t he  following character-  

i s t i c  po in ts  a r e  d is t inguished:  on 
t h e  electrocardiogram - -  t h e  
beginning of t he  Q wave; on the  
phonocardiogram -- t h e  beginning o f  

2 I t h e  high-frequency o s c i l l a t i o n s  of 
tone I and the  beginning of  
tone 11; on the  sphygmogram -- t h e  
beginning of t he  anacro t ic  eleva- 
t i o n  ( c ) ,  t he  beginning of t he  
inc i su re  (e) and i t s  lowest po in t  
(f) (see Figure 13) .  Calculation 
of t he  phases i s  performed a s  
follows : 

I 
I 

Asynchronous cont rac t  ion 
(AC) = Q -- I tone; 

Isometr ic  cont rac t ion  
(IC) = (I tone -- I1 tone) -- 
(c -- f ) ;  

Figure 14. Fastening o f  Pickups 
f o r  Recording o f  Polycardiogram S t r e s s  per iod (T) = AC + I C ;  
During Muscular Work. 1 ,  Pulse per iod of expulsion (E) = c -- e ;  
pickup; 2 ,  Microphone; 3 ,  Electro-  

card iograph i c  el ect rodes Me chani ca 1 s y s t o 1 e 
(Sm) = I C  + E ;  
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General s y s t o l e  (So) = T + E;  

Protodiastole  (P) = e -- f .  

I t  must be kept i n  mind t h a t  t h e  d iv i s ion  of t h e  per iod o f  expulsion i n t o  
phases of maximum and reduced expulsion using t h e  sphygmographic technique i s  
impossible; t he re fo re ,  sphygmography allows u s  t o  judge only concerning t h e  
t o t a l  duration o f  t h e  per iod of expulsion. 
po in t  e (see Figure 13) t h e  end of t h e  per iod of expulsion i s  determined a f t e r  
N.  N .  Savi tskiy (1956) by drawing a tangent t o  t h e  descending port ion of t h e  
inc isure .  Certain authors (Blumberger, 1942; etc.)  c a l c u l a t e  t h e  durat ion o f  
t h e  period of expulsion from t h e  c -- f i n t e r v a l .  
doubtless improper, s ince  r e l axa t ion  of t h e  myocardium ( i t s  d i a s t o l i c  s t a t e )  
begins before point  f ,  namely a t  po in t  e. 

When it i s  d i f f i c u l t  t o  f ind  

This po in t  of view i s  

Phase ana lys i s  ca l l s  no t  only f o r  ca l cu la t ion  of t h e  durat ion o f  t h e  
phases of t h e  cardiac c y c l e , . b u t  a l s o  f o r  determination of c e r t a i n  s p e c i a l  
i nd ica to r s  character iz ing t h e  dynamics o f  cardiac contract ions.  These include 
pr imari ly  the  two ind ica to r s  of i n t r a s y s t o l i c  phase r e l a t ionsh ips .  
t h e  i n t r a s y s t o l i c  i nd ica to r  and t h e  myocardial stress index (V. L .  Karpman, 
1965). 

These are 

The i n t r a s y s t o l i c  index (ISI)  i s  t h e  percent r a t i o  of t h e  duration o f  t h e  
per iod of expulsion of blood from t h e . h e a r t  t o  t h e  length of t he  mechanical 
sys to l e .  I t  cha rac t e r i zes  t h e  effect iveness  of t h e  t i m e  of t he  mechanical 
s y s t o l e  i n  the  v e n t r i c l e s .  

The myocardial stress index (MSI) i s  the  r a t i o  of t h e  time of stress t o  
t h e  duration of t h e  general  s y s t o l e  ( in  percent) .  This index gives us an idea  
of t h e  t i m e  of t h e  ca rd iac  contract ion expended i n  preparat ion f o r  expulsion 
of blood. 

Muller (1941), L .  A .  Leshchenskiy (1957), I .  N .  Bronovets (1963) and 
c e r t a i n  o the r  authors have suggested several  o the r  i nd ica to r s  f o r  t h e  
r e l a t ionsh ips  between phases. 

An object ive evaluat ion of t h e  s t a t e  of t h e  contract ive capaci ty  o f  t h e  
myocardium i s  poss ib l e  a l s o  using ind ica to r s  character iz ing t h e  r e l a t i o n s h i p  
of t h e  p r inc ipa l  parameters of t h e  cardiac contract ion:  t h e  volume, pressure 
and duration o f  t h e  phases i n  t h e  cardiac cycle.  We can include t h e  ra te  of 
increase of i n t r a v e n t r i c u l a r  pressure ( V . )  and t h e  r a t e  of expulsion of blood 

from the  hea r t  (ire). 

within the  ves se l s  with respect  t o  t i m e ,  i . e .  ca l cu la t ion  of t he  r a t e  o f  t h e  
change i n  pressure during various phases o f  t h e  cardiac cycle has r ecen t ly  
become widespread. This problem i s  solved e i t h e r  using spec ia l  d i f f e r e n t i -  
a t i n g  devices o r  a n a l y t i c a l l y .  

/ lo5  

1 

Invest igat ion of t h e  f i r s t  de r iva t ive  o f  p re s su re  within t h e  h e a r t  and 

Since t h e  most valuable  information concerning 
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t h e  c o n t r a c t a b i l i t y  of 

t h e  phase of  isometr ic  
quan t i ty  be ca lcu la ted  

t h e  myocardium can be produced by ca l cu la t ing  V 

cont rac t ion ,  V. L. Karpman (1961) suggested t h a t  t h i s  
from t h e  following r e l a t ionsh ip :  

during i 

where P 

of i somet r ic  cont rac t ion ,  5 i s  an a r b i t r a r y  .value f o r  t he  f i n a l  d i a s t o l i c  
pressure  i n  the  l e f t  v e n t r i c l e .  

i s  the  d i a s t o l i c  ar ter ia l  pressure ,  I C  i s  t h e  durat ion of  t he  phase d 

M. N.  Syvorotkin (1964) r ecen t ly  once more demonstrated t h e  importance of 
i nves t iga t ing  the  mean r a t e  of expulsion of  blood from t h e  hea r t ,  ca lcu la ted  
from the  following r e l a t ionsh ip :  

VB 
E '  ve = - 

where VB i s  the  blood volume p e r  bea t ,  E is t h e  length of  t h e  expulsion 
per iod.  

Useful physiological  information can a l s o  be produced using the  t i m e  of  
expulsion of  one minute 's  blood volume. 
mult iplying t h e  durat ion o f  t he  per iod of  expulsion by the  pulse  frequency i n  
bea ts  pe r  minute. 

This index i s  ca l cu la t ed  by 

Normal standards o f  durat ion o f  phases. Table 6 shows d a t a  on the  mean 
dura t ion  of t he  p r inc ipa l  phases of t h e  cycle  of contract ion of  t h e  l e f t  
v e n t r i c l e  i n  a t h l e t e s  and i n  p r a c t i c a l l y  heal thy persons not involved i n  
spo r t s  . 

The durat ion of t h e  phases of t h e  card iac  cyc le  observed under normal 
condi t ions i s  determined pr imar i ly  by t h e  c o n t r a c t a b i l i t y  of t he  myocardium. 
In  addi t ion  t o  t h i s ,  it depends on a number of f a c t o r s ,  including t h e  card iac  
rhythm, cardiac output and a r t e r i a l  pressure.  

The card iac  rhythm i s  one of t h e  most important determining f a c t o r s  
inf luencing the  durat ion of a number of phases of t h e  cardiac cycle .  
frequency of h e a r t  cont rac t ions  changes, t he  dura t ion  o f  t h e  expulsion per iod,  
t he  mechanical sys to l e ,  d i a s t a s i s  and the  f i l l i n g  per iod change. The 
remaining phases of  t h e  card iac  cycle  depend l i t t l e  or n o t . a t  a l l  on t h e  pulse  
frequency. 

As t h e  

/ lo6  Consideration of  t h e  in t e r r e l a t ionsh ips  between phase durat ion and - 
card iac  rhythm has important p r a c t i c a l  s ign i f icance ,  allowing individual  
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s p e c i f i c s  o f  t h e  phase s t r u c t u r e  a r i s i n g  i n  changes o f  t h e  p u l s e  f requency t o  
be evened ou t .  

TABLE 6. MEAN DURATION OF PHASES OF CARDIAC CONTRACTION ( I N  SEC) AND 
CERTAIN INDICATORS OF CARDIODYNAMICS I N  HEALTHY PERSONS NOT INVOLVED 

I N  SPORTS AND I N  ATHLETES 

Names of phases and 
i n d i c a t o r s  

Cardiac c y c l e  
Phase o f  asynchronous 
c o n t r a c t  i o n  
I s o m e t r i c  c o n t r a c t i o n  
phase 
Stress phase 
Expuls ion phase 
Mechanical s y s t o l e  
Genera 1 sys to1 e 
IS1 
MS I 
R a t e  o f  increase o f  i n t r a -  
ven t  r i cu 1 a r  pressure 
(mm Hq/sec) 
(expu ls ion  t ime o f  1 min 

- I  

vo 1 ume 
(=c> ~ 

A t h l e t e s  
~ 

1 ,oo- . - . 

),065+0,001 

1 ,049+0,002 
1, 1 14+0,002 
1,261 (0,268) 
1.309 (0,300) 

84,5 
30.4 

0,374 

1220 
15.6 

Note. Parentheses enc lose values c a l c u l a t e d  
formulas (33) and (44) .  

"on-ath le tes 

0,864 

0,051+0,001 

0,031 -10,002 
0,082+0,002 
o , 265+0,005 

89,2 
23,5 

0,297+0,005 
0 , 348 

2005 
18.3 

o r  g iven  rhythm f rom 

The dependence o f  t h e  t i m e  o f  b l o o d  e x p u l s i o n  f rom t h e  v e n t r i c l e s  ( E ) ,  
t h e  mechanical (Sm) and genera l  ( S o )  s y s t o l e . o n  t h e  d u r a t i o n  o f  t h e  

c a r d i a c  c y c l e  (C) can b e  descr ibed by t h e  f o l l o w i n g  equat ions (V. L .  Karpman, 
1963) : 

(33) 

(34) 

(351 

We n o t e  t h a t  a l l  o f  these formulas a r e  s u i t a b l e  f o r  a n a l y s i s  o f  c a r d i a c  
a c t i v i t y  a t  r e s t .  
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Gobbato and Meda (1956) were among t h e  f irst  t o  show t h e  dependence of 
This fact  has been /lo7 

t h e  period o f  expulsion on t h e  value of ca rd iac  output.  

descr ibing t h e  i n t e r r e l a t i o n s h i p  between t h e  per iod of expulsion, t h e  value of 
cardiac output and ca rd iac  rhythm. 

confirmed many times s ince .  Weissler e t  a l .  (1961) concluded an equation - 

Under physiological  rest conditions,  t h e  value o f  ar ter ia l  pressure i n  
heal thy persons has no e s s e n t i a l  influenc'e on t h e  durat ion o f  phases o f  t h e  
sys to l e .  However, under physiological e x c i t a t i o n ,  when t h e  ar ter ia l  pressure 
i s  sharply changed, t h e  phase s t r u c t u r e  t akes  on new fea tu res .  Thus, as t h e  
d i a s t o l i c  a r te r ia l  pressure i s  decreased, t h e  durat ion of t h e  phase o f  
isometr ic  contract ion i s  reduced, while as t h e  pressure i s  increased, on the  
o t h e r  hand, it is  lengthened. 

Special  i nves t iga t ions  of phase durat ion i n  t h e  ca rd iac  cycle f o r  
a t h l e t e s  were first performed by Reindell and Klepzig (1949). Subsequently, 
i n  i nves t iga t ions  o f  highly t r a i n e d  a t h l e t e s ,  Emmrich e t  a l .  (1956) turned 
a t t e n t i o n  t o  t h e  elongation o f  t he  stress period. Mellerowicz (1956) found 
t h a t  i n  a t h l e t e s  t h e  mean durat ion o f  t he  stress per iod was 0.115 sec ,  wit-h 
individual  v a r i a t i o n s  from 0.09 t o  0.16 sec. We performed s p e c i a l  inves t -  
i ga t ions  i n  which cardiodynamics da t a  from 246 a t h l e t e s  were compared with 
d a t a  from 107 p r a c t i c a l l y  heal thy persons not involved i n  spo r t s .  
are presented i n  Table 6 .  

These d a t a  

In  the  a t h l e t e s ,  t h e  durat ion o f  asynchronous contract ion has p r a c t i c a l l y  
t h e  same range of f l u c t u a t i o n s  as i n  t h e  untrained persons. However, i n  a 
s i g n i f i c a n t  number o f  t h e  observations t h e  durat ion of t h i s  phase i n  t h e  
a t h l e t e s  i s  a t  t h e  upper range of t h e  norm. I t  is  i n  connection with t h i s  
t h a t  t h e  r e l a t i v e  elongation o f  asynchronous contract ion i s  observed on t h e  
b a s i s  o f  average da ta  presented i n  Table 6.  The r e l a t ive  elongation o f  
asynchronous contract ion i n  a t h l e t e s  was a l s o  observed by Emmrich e t  a l .  
(1956). 

The duration o f  isometr ic  contract ion i n  a t h l e t e s  f luc tua ted  from 0.02 t o  
0.11 sec. 
durat ion of t h i s  phase exceeded t h e  upper boundary of t h e  norm. 
a t h l e t e s  was found t o  be r e l a t i v e l y  low. 

Here, i n  approximately 30% of the  highly t r a i n e d  a t h l e t e s  t h e  
V. i n  most 
1 

The duration o f  t h e  stress per iod i n  most a t h l e t e s  was extended, by 
elongation both of t h e  asynchronous and of t h e  isometr ic  contract ion.  
duration of t h e  per iod o f  expulsion i n  a t h l e t e s  was e i t h e r  normal o r  
r e l a t i v e l y  decreased. 
(1956), w e  observed no re la t ive  elong-ation o f  t h e  per iod o f  expulsion i n  
a t h l e t e s .  

The 

I n  con t r a s t  t o  t h e  da t a  presented by Mellerowicz 

In highly t r a i n e d  a t h l e t e s  i n  a c e r t a i n  number o f  t h e  observations,  
re la t ive  elongation of t h e  mechanical s y s t o l e  i s  observed i n  r e l a t i o n  t o  the  
expected values. 
general  sys to l e .  

The same thing can be sa5d concerning t h e  duration of t h e  
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Figure 15.  Performance of Cardiodynamics Invest igat ions f o r  
Athletes  D u r i n g  Work on t h e  Bicycle Ergometer (Laboratory of 
Sports Cardiology of S t a t e  Central Order of Lenin I n s t i t u t e  

of Physical Culture) 

The i n t r a s y s t o l i c  index ( ISI )  of a t h l e t e s  i s  most f requent ly  decreased. 
Thus, according t o  average da ta ,  it amounts t o  84.5%, whereas i n  a control  
group it was 89.1%. 

The myocardial s t r e s s  index i n  a t h l e t e s ,  on t h e  o ther  hand, i s  most 
f requent ly  higher .  Thus, according t o  average da ta ,  i n  a t h l e t e s  t h i s  
i nd ica to r  was equal t o  30.4%, while f o r  untrained persons i t  was 2 3 . 5 % .  

Summing up a l l  of t he  above, we can conclude t h a t  t he  c h a r a c t e r i s t i c s  of 
t h e  ' f spor t s  hear t"  can be supplemented by da ta  of phase ana lys i s :  i n  a t h l e t e s  
we most f requent ly  see  predomination of high values  of  durat ion of the  s t r e s s  
per iod and i t s  component phases, a decrease i n  i n t r a s y s t o l i c  index, Vi and 

an increase  i n  the  myocardial s t r e s s  index. This combination of phase s h i f t s  
is  c h a r a c t e r i s t i c  f o r  t h e  phase syndrome of myocardial hypodynamia 
(V. L. Karpman, 1965). 

Phase ana lys i s  of card iac  a c t i v i t y  i n  a t h l e t e s  during muscular work and 

/ lo9  recovery period. A t  t h e  present  time, the  problem of recording t3e curves 

solved. Figure 15 shows t h e  r e s u l t s  o f  i nves t iga t ion  of cardiodynamics i n  
a t h l e t e s  during work on the  b icyc le  ergometer. 

re'quired for phase ana lys i s  under laboratory condi t ions has l a rge ly  been - 
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Figure 16. Changes i n  Principal Par 
meters o f  Cardiodynamics During Work 
and Recovery. P .  pulse frequency; A P ,  

Figure 16 shows da ta  on changes i n  
t h e  durat ion of cardiac cycle phases i n  
a group of a t h l e t e s  performing work on 
b i cyc le  ergometer equal t o  7500 kg-m 
( a t  a constant ra te  o f  245 w). As we 
can see from t h i s  f igure ,  t h e  cardiac 
rhythm o f  t h e  a t h l e t e s  i nves t iga t ed  in-  
creased t o  157 bea t s  pe r  minute on t h e  
average. Regular changes were noted 
a l s o  i n  an inves t iga t ion  of t h e  p r i n c i -  
pa l  phases o f  t h e  cardiac cycle.  Thus, 
t h e  durat ion of  isometric contract ion 
was sharply decreased, becoming i n  many 
cases equal t o  zero. The duration of 
t h e  period o f  expulsion, t he  mechanical 
and general s y s t o l e s  a l s o  decreased. 
Asynchronous contract ion remained un- 
changed i n  a number o f  observations,  
and i n  some cases was shortened. The 
i n t r a s y s t o l i c  index increased sharply 
during muscular work, reaching i n  some 
observations 100% ( in  those cases when 
t h e  phase o f  isometr ic  contraction was 
equal t o  zero) .  

The ra te  o f  i n t r a v e n t r i c u l a r  pres-  
sure  increase increases  with work. 

The time f o r  expulsion of one min- 
u t e ' s  volume during t h e  process of phys- 
ical  loading increases  by approximately 
1 - 1 / 2  t imes,  while t h e  r a t e  of emptying /110 
of  t h e  v e n t r i c l e s  increases  by 3-4 times, 
reaching 1000-1125 mll/sec. 

These phase s h i f t s ,  c h a r a c t e r i s t i c  
a r t e r i a l  pressure;  I C ,  durat ion o f  i s o -  f o r  t he  syndrome o f  myocardial hyper- 
metric contract ion phase; E ,  duration dynamia (V. L.  Karpman, 1965), arise 
o f  espulsion period; Sm, duration of under the  inf luence of t he  p o s i t i v e  ino- 
mechanical sys to l e ;  I S I ,  i n t r a s y s t o l i c  t r o p i c  and chronotropic e f f ec t s .  

Analysis o f  changes i n  cardio- 
dynamics during performance of muscular work can be used t o  evaluate t h e  
q u a l i t y  of regulat ion o f  t h e  c i r cu la to ry  apparatus i n  a t h l e t e s .  

If the  cardiovascular system were regulated " ideal ly ,"  changes i n  the  
durat ion of t he  isometr ic  and i so ton ic  contract ions o f  t h e  hear t  would have a 
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stepped na ture  during stepped loading. However, ac tua l ly ,  as we can see  from 
Figure 16, t h e  t r a n s i e n t  processes  f o r  these  parameters f o r  work at  a r a t e  of 
245 w a r e  exponential  i n  form, which ind ica t e s  some i n e r t i a  i n  t h e  operat ion 
o f  t h e  system con t ro l l i ng  the  c i r c u l a t o r y  apparatus.  These exponents, as was 
shown above, can be described mathematically (see equations (7) and (8)).  
Both of t hese  equations allow us t o  p red ic t  t h e  ex ten t  t o  which the  phase of 
isometr ic  cont rac t ion  and t h e  per iod of expulsion o f  blood from the  hea r t  w i l l  
be decreased a t  any moment i n  time t a f t e r  t h e  beginning of muscular work. 

The changes i n  phase durat ion of t h e  card iac  cycle  during t h e  recovery 
per iod a f t e r  physical  loading have been discussed i n  t h e  l i t e r a t u r e .  In  these  
works, it has been shown t h a t  during recovery a r egu la r  lengthening of a l l  
phases of  t h e  card iac  cycle  is observed u n t i l  they reach t h e i r  i n i t i a l  values.  

The recovery o f  t h e  length o f  card iac  cycle  phases a f t e r  cessa t ion  of  

e a r l y  
muscular work i s  nonl inear .  
e n t i r e  recovery per iod t o  be divided a r b i t r a r i l y  i n t o  t h r e e  s tages :  
r e s t i t u t i o n ,  r e s t i t u t i o n  i t s e l f  and l a t e  r e s t i t u t i o n .  

A study of  t h e  corresponding curves allows t h e  

Early r e s t i t u t i o n  is  observed on the  average for 30 sec  a f t e r  muscular 
work i s  stopped. The durat ion of i somet r ic  cont rac t ion  remains unchanged 
during t h i s  per iod.  
hand, i s  sharply decreased (see Figure 16) .  The mechanism of  t h i s  secondary 
"paradoxical" shortening of  t h e  per iod o f  expulsion i s  a s  follows: when the  
pedaling on t h e  b icyc le  ergometer i s  suddenly stopped, t he  'lmuscular pump," 
which g r e a t l y  a ids  veinous r e tu rn  of blood t o  t h e  h e a r t  ceases t o  operate .  
a r e s u l t ,  t he  f i l l i n g  of t he  c a v i t i e s  of  t he  h e a r t  with blood i s  r e l a t i v e l y  
decreased. 
r e s t i t u t i o n  continues a t  t h e  same l eve l  as a t  t he  end of work (which i s  
indica ted  by t h e  constancy of  t he  i somet r ic  cont rac t ion) ,  emptying of  t h e  
h e a r t  c a v i t i e s  i s  achieved i n  a sho r t e r  time. The presence of t h i s  very 
mechanism of secondary shortening of t he  expulsion per iod was de tec ted  i n  a 
spec ia l  i nves t iga t ion  (Yu. K.  Shkhvatsabaya, 1964), i n  which e a r l y  r e s t i t u t i o n  
was s tudied  with the  t e s t  subjec t  i n  a hor izonta l  pos i t i on ,  when the  stoppage 
of  the  work of t h e  "muscular pump" has l e s s  inf luence on veinous blood r e t u r n  
t o  t h e  hea r t .  As we can see  on Figure 17, when t h e  t e s t  subjec t  i s  i n  t h e  
hor izonta l  pos i t i on ,  t h e  secondary shortening of  t h e  expulsion per iod i s  not  
noted. 

The durat ion of t h e  per iod of expulsion, on t h e  o the r  

As 

However, s ince  the  power of  t he  card iac  cont rac t ion  during e a r l y  

/111 - 

Formation of t h e  Hegglin phenomenon i s  c h a r a c t e r i s t i c  i n  a l a r g e  number 
of  cases  during the  first s t age  of recovery. This t ime represents  a condi t ion 
i n  which the  I1 tone on the  phonocardiogram precedes t h e  completion of t h e  
T wave on the  electrocardiogram by 0.04 s e c  or more. Hegglin (1947) considers  
t h a t  e s s e n t i a l  d i s t o r t i o n s  of t h e  i n t e r r e l a t i o n s h i p  between t h e  e l e c t r i c a l  and 
"mechanical" sys to l e s  i n d i c a t e  weakness of  t h e  card iac  cont rac t ion .  However, 
observations of  t h e  formation of t h i s  electromechanical phenomenon under 
condi t ions of  muscular. work do not  confirm the  concepts of Hegglin (1947). As 
follows from our  da ta ,  as wel l  as from t h e  da t a  of K. M. Smirnov and 
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N. V. Zaytseva (1964), t h e  Hegglin phenomenon under e a r l y  recovery condi t ions 
ind ica t e s  myocardial _ I  . . .  - -  hyperdynamia r a t h e r  than weakness of t he  myocardium. 

- 

u ' .. 0 5 IO I5 20 25 30 
" sec  : Restoration t i m e .  
0;- . . 

Figure 17. Physiological 
Analysis of Secondary Short 
e n i n g  of Duration of Expuls o n  
Period After  Muscular Work. 
a ,  Change i n  dura t ion  o f  
expulsion period w i t h  body n 
v e r t i c a l  pos i t i on ;  b ,  I n  
horizontal  posi t ion.  Analysis 
i n  t e x t .  

The second s t age  of t h e  recovery 
per iod i s  charac te r ized  by progressive 
lengthening o f  a l l  phases of  t he  
card iac  cycle .  As w e  can see  on 
Figure 16, t h e  lengthening o f  t he  
isometr ic  cont rac t ion  is  achieved more 
slowly than t h e  lengthening of t h e  
expulsion per iod.  

The t h i r d ,  last s t age  i n  recovery 
i s  charac te r ized  by s t a b i l i z a t i o n  of  
t h e  s t r u c t u r e  of  t he  card iac  contrac- 
t i o n  ( see  Figure 16). This s t a b i l i z a -  
t i o n  begins f o r  t h e  phase of isometr ic  
cont rac t ion  8-10 minutes, and f o r  t he  
expulsion per iod 5-6 minutes after 
completion o f  i n t ens ive  muscular wo'rk. 
By 15-20 minutes, complete recovery of 
t h e  lengths  of  phases t o  t h e i r  i n i t i a l  
balues a t  r e s t  i s  genera l ly  achieved. 

Phases of  t h e  ca rd iac  contract ion /112 
_c 

during c e r t a i n  functional experiments. 
A change i n  the  pos i t i on  of the  human 
body r e l a t i v e  t o  t h e  plane of r e s t  i s  
an element o f  many spor t s  exerc ises .  
This type of  per turba t ion  has long been 
used t o  eva lua te  t h e  func t iona l  s t a t e  

of t h e  cardiovascular  system ( o r t h o s t a t i c  t e s t ) .  

A change i n  the  p o s i t i o n  of t he  human body causes r e d i s t r i b u t i o n  of t h e  
mass of the  blood i n  t h e  organism so t h a t  a c e r t a i n  por t ion  of blood i s  
b r i e f l y  podled e i t h e r  i n  the  lower por t ion  of t he  t runk (during standing) or 
i n  i t s  upper por t ion  (during t r a n s i t i o n  from the  hor izonta l  pos i t i on  t o  t h e  
head-downward pos i t i on ) .  As a r e s u l t  of  t h i s ,  t h e  volume of  veinous re turn  t o  
t h e  hea r t  changes: i n  the  first case,  it decreases ,  while i n  t h e  second case,  
on t h e  o the r  hand, it increases .  Thus, o r t h o s t a t i c  dis turbances,  as appl ic-  
ab le  t o  the  work of t h e  hea r t ,  cons i s t  of an increase  or decrease i n  blood 
f i l l i n g  of  hear t  c a v i t i e s .  

In order  t o  s tudy cardiodynamics under condi t ions o f  o r t h o s t a t i c  d i s tu rb -  
ance, it i s  most expedient t o  use the  tilt t ab le ,  with which passive changes 
of t he  pos i t i on  of t he  t e s t  s u b j e c t ' s  body can be made. Figure 18 shows t h e  
changes i n  the  durat ion of v e n t r i c u l a r  s y s t o l i c  phases during r o t a t i o n s  of t h e  
body from t h e  hor izonta l  pos i t i on  t o  the'head-up or head-down pos i t i on .  
t he  body i s  ro t a t ed  t o  t h e  head-up pos i t i on ,  i n  a t h l e t e s  a lengthening of t h e  
isometr ic  cont rac t ion  and a shortening of  t h e  expulsion per iod are r egu la r ly  

As 
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, observed, i .e .  t h e  phase syndrome of myocardial hypodynamia i s  b r i e f l y  
noted. This hypodynamia i s  funct ional  i n  nature ,  s i n c e  it r e s u l t s  from the  
decrease i n  veinous r e t u r n  o f  blood t o  t h e  hea r t .  

_ .  

Ro ta t ion  t o  head up Rota t ton  _to hC.ad..dpwn When t h e  body i s  ro t a t ed  t o  

E 
sec  

0.2.4 

l? 2> 

0.21 

si_ 

I 

-. . 

I 

Figure  18. Cardiodynamics Under 
Condi t ions o f  O r t h o s t a t i c  Exc i ta -  
t i o n .  Symbols same as on F igure  16. 

head down, the  dynamics of t h e  
hea r t  are opposite t o  those j u s t  
described (see Figure 18) .  
Analysis o f  t h e  phase s h i f t s  
a r i s i n g  i n  t h i s  case shows t h a t  
t he  phase syndrome of volume 
loading a r i s e s  (V. L. Karpman, 
1965). 

When nervous regulat ion o f  
t h e  c i r c u l a t o r y  apparatus i s  
d i s rup ted  and i n  c e r t a i n  patho- 
l o g i c a l  s t a t e s ,  changes i n  t h e  
phase durat ion of t he  cardiac 
cycle  under the  influence o f  
o r t h o s t a t i c  disturbances are no 
longer aper iodic  as seen on 
Figure 18, but r a t h e r  o s c i l l a t o r y  
i n  nature .  Consequently, ortho- 
s t a t i c  t e s t s  can be used t o  
evaluate  t h e  q u a l i t y  o f  regul- 
a t i o n  of t h e  cardiovascular 
system. 

The Burger modification o f  
t h e  Valsalva experiment was 
e a r l i e r  broadly used t o  study t h e  
changes i n  cardiac rhythm and 
a r t e r i a l  pressure.  A. I .  Gefter 
e t  a l .  (1964), V. L .  Karpman e t  
a l .  (1965) and o the r s  changes i n  
t h e  durat ion of cardiac cycle 
phases under t h e  influence of t h e  
Valsalva experiment. Due t o  

s t r a i n i n g  which occurs i n  t h e  Valsalva-Bruger 
and i n t r a a l v e o l a r  pressure increase sharply (up t o  40 mm Hg). As a r e s u l t  o f  
t h i s ,  blood flow through t h e  pulmonary c a p i l l a r i e s  decreases and a d e f i c i t  i n  
blood f i l l i n g  of  t h e  l e f t  v e n t r i c l e  arises:  t h e  h e a r t  begins t o  work under 
conditions o f  volumetric deficiency. The Valsalva-Bruger experiment 
.causes t h e  phase syndrome of myocardial hypodynamia (Figure 19). 

experiment, t h e  in t r a tho rac i c  

The combined three-moment funct ional  t es t  i s  broadly used i n  s p o r t s  
medical p rac t i ce .  As w e  know, as t h i s  t es t  i s  performed t h e  tes t  o f  t h e  
r eac t ion  of t he  cardiovascular system t o  loading is performed on the  b a s i s  o f  
d a t a  concerning t h e  change i n  t h e  na tu re  o f  r e s t o r a t i o n  of t h e  pulse  

i) 
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frequency and arterial  pressure  a f t e r  standard loading. 
use  phase ana lys i s  when.performing t h e  S. P .  Letunov experiment. Figure 20 
shows the  changes i n  durat ion of p r inc ipa l  s y s t o l i c  phases a r i s i n g  under t h e  
inf luence of each component of t h e  experiment. I t  should be noted t h a t  t h e  
first experiment using t h i s  type of inves t iga t ion  showed t h a t  t h e  na ture  of 
recovery, according t o  pulse  and arterial pressure d a t a  on the  one hand and . 

card iac  cycle phase length on the o the r  hand, i n  many cases was found t o  be 
d i f f e r e n t .  
information produced i n  t h i s  experiment. 

I t  seems promising t o  

This type of divergence apparent ly  allows us t o  deepen our 

A.C. I c.. 
U a t  r e s t  

E Si: 

~ d ~ d u r i n g  s t r e s s  

Figure 19. Changes i n  Duration of  Phases 
Cardiac Cycle D u r i n g  Valsalva-Burger Test. 
duration o f  asynchronous contract ion phase. 

A C ,  

Remaining symbols same as  on F i g u r e  16. 
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. A f t e r  15 sec Af ' ter 3" in  A f t e r  2Q running 
I n i t i a . ]  da ta  knee bends runn i ng 
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. . _ _ ( _ .  
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' .  

F i g u r e  20. 
S.  P.  Letunov Test .  Symbols same as on F igure  16. 

Cardiodynamics Dur ing Performance of. 
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CHAPTER V 

ELECTRICAL MANIFESTATIONS OF CARDIAC ACTIVITY 

ABSTRACT. The methods of recording and analysis of the 
electrical activity of the heart are analyzed. Included 
are classical methods o f  electrocardiography, as well as 
recent modifications and improvements, ranging from the 
application of new leads to improved methods of analysis, 
both statistical and graphical, of  raw electrical data. 
Case histories are presented to illustrate characteristics 
and appearance o f  electrocardiograms, vector cardiograms, 
etc. in various types o f  athletes with and without patho- 
logical heart problems. 

The investigation of the electrical activity of  the heart continues to 
remain one of the principal and most widespread methods of objective evalu- 
ation of the functional state of the myocardium in sports medicine. 
be noted that the electrocardiograms of athletes differ in certain ways from 
curves recorded for healthy persons not occupied with sports. In connection 
with this, ordinary clinical guides for electrocardiography are insufficient 
for the sports doctor. It 
presents data on scalar and vector electrocardiography of athletes, based on 
the broad personal experience of the authors. 

- /llS 

It should 

The purpose of this chapter is to fill this gap. 

Electrocardiography 

An evaluation of the functional state of the heart of an athlete and 
determination of changes arising during the process of sports exercises cannot 
be done without .using the electrocardiographic method of investigation. 
Electrocardiography also has great significance for early determination of 
pathological and prepathological changes in the '(sports heart. '( 

Methods of electrocardiographic investigation o f  athletes. Modern sports 
training places high demands on the organism, including the cardiovascular 
system of athletes. In connection with this, the volume and methodology of 
electrocardiographic investigation of athletes should be sufficient for early 

This demand is satisfied, as our investigations have shown, by obligatory 
recording of the electrocardiogram at rest and after muscular work, and in 
many cases directly during muscular activity ( L .  A. Butchenko, 1963). At 

/116 discovery both of physiological and of pathological changes in the heart. - 
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rest, standard leads  I,  I1 and I11 should be recorded, standard lead I11 
should be recorded with deep inhalat ion,  as well as leads  aVL,  aVR, aVF, 
re inforced monopolar leads  from t h e  ex t r emi t i e s  and monopolar t ho rac i c  leads 
from V1 t o  V6. 
a t h l e t e s ,  monopolar precordial  leads V V and b i p o l a r  precordial  leads D,  A 

and J as suggested by Nehb (1938) should be recorded. The recording o f  a l l  
these leads i n  a t h l e t e s  does not d i f f e r  from t h e i r  recording i n  normal 
c l i n i c a l  p rac t i ce .  

For a deeper study o f  changes on t h e  electrocardiogram o f  

3R' 7 

The muscular a c t i v i t y  used during electrocardiographic  inves t iga t ion  o f  
a t h l e t e s  includes measured loads under laboratory conditions (50 deep knee 
bends, work on t h e  ergometer, 2-3 minutes running i n  place,  l i f t i n g  o f  
weights, swimming f o r  25-50 m ,  e t c . )  as well as nondosed loads ( t r a i n i n g  and 
competition). 

Electrocardiographic inves t iga t ion  a f t e r  physical  loading' should consider 
t h e  s p e c i f i c s  o f  t h e  recovery period. 
loads usua l ly  occurs i r r e g u l a r l y  ( H i l l ,  1927'; Y a .  A. Egulinskiy, 1938). 
Thus, a f t e r  2-3 minutes running i n  place,  r e s t o r a t i o n  of t he  pulse  frequency, 
t h e  durat ion o f  t he  P-Q i n t e r v a l ,  t h e  pos i t i on  of t he  S-T and P-Q segments, 
t h e  d i r e c t i o n  of t h e  e l e c t r i c a l  a x i s  o f  t h e  P and T waves and the  QRS complex 
occurs considerably more r ap id ly  during t h e  f irst  two minutes and more slowly 
i n  t h e  subsequent 2-3 minutes of rest (L. A. Butchenko, 1958). 

The problem i s  t h a t  recovery a f te r  

Training and p a r t i c u l a r l y  competition, due t o  i t s  considerable i n t e n s i t y  
and i n  many cases i t s  g r e a t  durat ion,  cause considerably g r e a t e r  funct ional  
changes i n  t h e  organism than measured loads. This means t h a t  t h e  recovery 
period a f t e r  these  a c t i v i t i e s  i s  g r e a t l y  lengthened. In  connection with t h i s ,  
f o r  a more complete evaluation o f  t h e  effects on t h e  hea r t  of physical  loads,  
t h e  electrocardiogram should be recorded f o r  f i v e  minutes a f t e r  2-3 minutes 
running i n  place,  wh.ile after t r a i n i n g  and competition it should be recorded 
f o r  a t  least  15 minutes of recovery. The electrocardiogram should be recorded 
more frequent ly  i n  t h e  f irst  few minutes a f te r  loading and less frequent ly  i n  
subsequent minutes. Using a single-channel electrocardiograph, it i s  
impossible t o  record a l a rge  number of l eads  immediately a f t e r  loading. 
Therefore, we might l i m i t  ourselves t o  recording of only two (V2 and Vs) 
monopolar precordial  l eads .  

The V and V leads  cha rac t e r i ze  the  e l e c t r i c a l  a c t i v i t y  o f  t h e  "right" /117 2 5 
and r t l e f t r r  h e a r t  t o  a g r e a t  ex ten t ,  s ince  t h e  d i f f e rence  electrode i n  t h e  
first case is turned toward t h e  ep ica rd ia l  surface o f  the  r i g h t  v e n t r i c l e ,  and 
i n  t h e  second case -- toward the  ep ica rd ia l  su r f ace  o f  t h e  l e f t  v e n t r i c l e .  
The usage o f  leads Vg and V4 i s  less s u i t a b l e ,  s ince  they r e f l e c t  p o t e n t i a l  of 

t h e  t r a n s i t i o n  zone between t h e  ep ica rd ia l  surface of t h e  r i g h t  and l e f t  
ven t r i c l e s .  In  those rare cases when leads V2 and V5 a l s o  re f lec t  t h e  
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p o t e n t i a l s  o f  t he  t r a n s i t i o n  zone between the  ep ica rd ia l  sur face  o f  t h e  r i g h t  
and l e f t  v e n t r i c l e s ,  l eads  VI and V6 should be recorded a f t e r  physical  
loading. 

Of course,  when multichannel e lectrocardiographs a r e  used, t h e  volume of 
e lec t rocard iographic  inves t iga t ion  a f t e r  physical  loads should be expanded 
both by increasing t h e  number of  monopolar precord ia l  l eads ,  and by connecting 
re inforced  monopolar leads from t h e  ex t remi t ies .  

Electrocardiographic  inves t iga t ion  at r e s t  and during t h e  recovery period 
a f t e r  var ious loads can y i e l d  only approximate inforination concerning t h e  
func t iona l  changes and b ioenerge t ic  processes i n  t h e  myocardium which occur 
during work. 
of prepathological  and pathological  changes i n  t h e  hea r t .  Therefore,  e l e c t r o -  
cardiographic  inves t iga t ion  during muscular a c t i v i t y  i s  of e s s e n t i a l  
s i g n i  f i cance . 

In  many cases ,  it i s  a l s o  i n s u f f i c i e n t  f o r  e a r l y  determination 

An electrocardiogram not  d i s t o r t e d  by muscular cur ren ts  can be recorded 

Lead H1 records the  d i f fe rence  i n  p o t e n t i a l s  between 
during muscular a c t i v i t y  using leads  H1, H2 and,HJ (L. A. Butchenko, 1955, 
1963, 1966). 

po in t s  V and V ' l .  Lead H2 records t h e  p o t e n t i a l  d i f fe rence  between po in t s  V 4 
and V I 1 ,  while lead H3 records t h e  d i f fe rence  between po in t s  V4 and V4R. 

Leads H produce electrocardiograms i d e n t i c a l  i n  form but  d i f f e r i n g  i n  

amplitude. Leads H and H3 have g rea t e r  d iagnos t ic  value than lead H2. This 

i s  explained by t h e  f a c t  t h a t  leads H1 and Hg record the  p o t e n t i a l  d i f fe rence  

between the  l e f t  (V,) and r i g h t  (V1 and V4R) v e n t r i c l e s  of t h e  h e a r t ,  whereas 

lead  H2 records t h e  p o t e n t i a l  d i f fe rence  between two sec to r s  (V2 and Vtl) of 

t h e  r i g h t  v e n t r i c l e .  

2 

and H 1 3 

1 

Therefore, when single-channel electrocardiography is  performed, leads  H1 

I t  should be considered t h a t  lead  H1 gives and H3 should be recorded, not  H2. 

good curves during running, knee bends and b i cyc le  ergometer work. Lead H3 

a l s o  gives  good curves during work with the  arms and trunk (hand ergometer, 
l i f t i n g  o f  weights).  

necessary t o  use spec ia l  chest  e lec t rodes  and e lec t rode  p a s t e l .  
When an electrocardiogram i s  recorded during muscular work, it is  a l s o  - /118 

The methodology of e lectrocardiographic  inves t iga t ion  during muscular work 
has been presented i n  d e t a i l  i n  t he  book of L. A. Autchenko Elektrokardio- 
gra f i ya  v Sportivnoy Meditsine [Electrocardiography i n  Sports  Medicine], 
Medgiz. Press,  1963. 
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If t h e  loading i s  b r i e f  (20-30 sec), t h e  recording o f  t h e  electrocardio-  
gram should be continuous during performance o f  t h e  work. 
2-5 minutes i n  length are performed, recording of t h e  electrocardiogram 
should be performed each 30 sec. If t h e  load continues 30 min and more, 
t h e  electrocardiogram should be recorded each 3-5 min. 

When loads 

T 

'Figure 21. Method of Measuring 
Elements of  Electrocardiogram. 
A ,  when  T-P segment o r  i s o l i n e  is 
present;  b ,  when  T-P segment  is 
absent and descending branch o f  
P wave and ascending branch o f  
T wave a r e  decreased; B B ' ,  isoline; 
a a ' ,  l i n e  connecting beginning o f  
Q wave and e n d  of S wave; 1 ,  Ampli-  
tude o f  R wave; 2 ,  A m p l i t u d e  o f  
Q wave; 3 ,  Amplitude o f  5 wave; 
4 ,  A m p l i t u d e  o f  P wave; 5 ,  A m p l i t u d e  
of T wave; 6 ,  Decrease i n  segment 
P-Q r e l a t i v e  to i s o l i n e ;  7 ,  Decrease 
i n  S-T segment  r e l a t i v e  to isol ine 

The decoding and ana lys i s  o f  
electrocardiograms taken a t  rest  
a f t e r  and during t h e  process o f  
performance of various loads is  
performed according t o  the  
general  methodology. However, 
with g rea t  tachycardia r e s u l t i n g  
from muscular a c t i v i t y ,  due t o  
t h e  merging of t h e  P and T waves 
t h e  T-P segment i s  frequent ly  
absent,  as i s  t h e  i s o e l e c t r i c  
l i n e ,  and we frequent ly  observe a 
lowering of  t h e  P-Q o r  S-T 
segments, t h e  QRS complex, t h e  
descending branch o f  t h e  P wave 
and the  ascending branch o f  t h e  
T wave (Figure 2 1 ) .  These 
changes during clear tachycardia 
r e s u l t  from t h e  degree of 
displacement of  t h e  P-Ta 

i n t e r v a l ,  i . e .  t h e  i n t e r v a l  from 
t h e  beginning o f  the  P wave t o  
t h e  end o f  t h e  a u r i c u l a r  T wave. 
I n  connection with t h i s ,  t h e  
measurement o f  t h e  amplitude o f  
t h e  P, T, Q, R and S waves by t h e  
ordinary method, i. e. from t h e  
i s o e l e c t r i c  l i n e ,  cannot be 
performed. Figure 21 shows a 
method of measuring elements of 
t h e  electrocardiogram considering 
t h e  inf luence o f  t h e  P-Ta i n t e r -  
val  on them (Bruschke, Butchenko, 
1965). 

- /119 

An estimate o f  t h e  proper 
length of t h e  e lectr ical  s y s t o l e  
or t h e  Q-T i n t e r v a l  i n  a t h l e t e s  
has i t s  s p e c i f i c  problems. The 
th ing  is t h a t  t h e  empirical  
formulas suggested by Bazett 

(1920), F r i d e r i c i a  (1920), Schlomka and Raab (1936), Hegglin and Holzmann 
(1937), Aschman (1942) and o the r s  f o r  t h e  estimation o f  t h e  proper durat ion 
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of t h e  e l e c t r i c a l  s y s t o l e  of  t h e  h e a r t  i n  persons not  occupied i n  spo r t s  
cannot be used f o r  a t h l e t e s .  This i s  explained by t h e  fact t h a t  they do not 
consider t h e  elongat ion o f  t h e  e l e c t r i c a l  s y s t o l e  of  t h e  h e a r t  at  rest which 
i s  c h a r a c t e r i s t i c  f o r  a t h l e t e s  (L. A. Butchenko and N .  I. Volnov, 1963). 
With expressed tachycardia  r e s u l t i n g  from muscular a c t i v i t y ,  t he  empirical  
formulas suggested f o r  es t imat ion of the  length of t h e  e l e c t r i c a l  sys to l e  a t  
normal pulse  frequency at r e s t  cannot be used not  only f o r  a t h l e t e s ,  but  a l s o  
f o r  those  not  occupied i n  spo r t s .  In  connection with t h i s ,  we, toge ther  with 
G. Bruschke and H. Burger (1965), developed norms f o r  proper e l e c t r i c a l  
s y s t o l e  i n  a t h l e t e s ,  not using empirical  formulas, but  using ac tua l  da t a .  For 
t h i s ,  w e  s tud ied  electrocardiograms taken a t  r e s t  and after muscular a c t i v i t y  
of  varying i n t e n s i t i e s  f o r  2402 (1769 men and 633 women) well t r a ined  a t h l e t e s  
of high ca l ibe r :  1754 masters of spo r t s  and f i rs t  rank sportsmen, 496 second 
rank sportsmen and 152 t h i r d  rank sportsmen. 
graphs, separa te ly  f o r  men and women. Fluctuat ions from the  mean by +2a were 
considered va r i an t s  of t h e  norm (Figure 22). 

Our d a t a  were presented i n  

Electrocardiogram o f  the  a t h l e t e .  The v a r i a n t s  of  normal e lec t rocard io-  
This f requent ly  grams f o r  a t h l e t e s  have been s tudied  i n s u f f i c i e n t l y  t o  date .  

l eads  t o  t h e  f a c t  t h a t  t h e  s p e c i f i c  f ea tu re s  na tu ra l  f o r  t he  electrocarcbogram 
of  t h e  a t h l e t e  a r e  t r e a t e d  as pathological  changes, whereas pathological  
changes themselves a r e  no l e s s  f requent ly  a t t r i b u t e d  t o  physiological  changes 
occurr ing i n  t h e  hea r t  during the  process of  t r a i n i n g .  

Variants of electrocardiQgrams i n  a t h l e t e s  were inves t iga ted  f o r  
3180 in t ens ive ly  t r a ined  masters of spo r t s ,  f irst  rank sportsmen and second 
rank sportsmen (4.7%). Among those inves t iga ted  were 232 with d iseases  and 
devia t ions  from t h e  norm, pr imar i ly  i n  the  cardiovascular  system. The 
electrocardiograms of 2,652 persons were recorded using t h e  EKP-4 apparatus 
with l i n e a r  frequency channel from 3 t o  60 H z ,  while 528 electrocardiograms 
were recorded on a "Siemens" apparatus with a l i n e a r  frequency range i n  the  
ampl i f ie r  channel of from 0.2 t o  150 H z .  

- / 1 2 1  

In  a t h l e t e s ,  s inus  bradycardia i s  f requent ly  observed, r e s u l t i n g  from the  
increased tonus of t h e  vagus nerve (Herxheimer, 1933; A.  N .  Krestovnikov, 
1951; e t c . ) .  Thus, i n  well  t r a ined  a t h l e t e s ,  according t o  our data ,  t he  pulse  
frequency averages 56.5 ? 9.2 bea ts  per  minute. 
bradycardia i s  observed i n  those a t h l e t e s  who t u r n  a g rea t  dea l  of a t t e n t i o n  
i n  t h e i r  t r a i n i n g  t o  the  development of endurance. 
a t h l e t e s  t he  pulse  frequency i s  general ly  not  lower than 40 pe r  minute. 
i n  1.6% were pulse  f requencies  as low as  39-31 p e r  minute observed. 
(1942), Kienle (1946), Mellerowicz (1956) bel ieved t h a t  t h i s  acute  s inus 
bradycardia may be a pathological  s ign ,  
card ia ,  as our da t a  showed, i s  combined with an expansion of  t h e  QRS complex, 
sharp s inus  arhythmia, low vol tage and ex t r a sys to l i a .  When these  changes a r e  
absent ,  even c l e a r l y  expressed bradycardia i s  an i n d i c a t o r  of good func t iona l  
condition o f  t he  h e a r t .  

More sharply expressed s inus  

However, even i n  these  

White 
Only 

However, i n  t h i s  case s inus  brady- 
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The quest ion o f  t h e  c l i n i c a l  s ign i f icance  of  sharp ly  expressed s inus  
bradycardia should be answered ind iv idua l ly  f o r  each a t h l e t e  by complex 
medical examination. 

Sinus arhythmia i s  f requent ly  observed i n  a t h l e t e s  a t  r e s t .  According t o  
our  da ta ,  it is  encountered i n  60.8% of  the  a t h l e t e s .  
moderate s inus  arhythmia i s  observed, t h e  d i f fe rence  i n  t h e  dura t ion  of 
card iac  cycles  varying from 0.10 t o  0.15 sec.  Less f requent ly ,  sharply 
expressed s inus  arhythmia i s ' obse rved ,  i n  which the  d i f f e rence  between t h e  
card iac  cycles va r i e s  from 0.16 t o  0.30 sdc. Acute s inus  arhythmia, with 
which t h e  d i f fe rence  between card iac  cycles  va r i e s  from 0.31 t o  0.60 sec ,  was 
encountered i n  only 3.6%'. 

Most f requent ly  

The frequent  presence of  s inus  arhythmia i n  a t h l e t e s  i s  explained 
pr imar i ly  by t h e  f a c t  t h a t  young people predominate i n  t h i s  group, i n  which 
t h i s  arhythmia r e s u l t s  from t h e i r  age .(Schlomka and Reindel l ,  1936; Jordan, 
1955; M. I. Petrenko and R. Ya. Pis'menyy, 1959; R. E.  Mazo, 1961). However, 
t h i s  i s  not t he  only reason. For example, our  d a t a  i n d i c a t e  t h a t  moderate and 
expressed s inus  arhythmia may a r i s e  or be re inforced  during the  process of  

A s  
concerns acute  s inus  arhythmia, it i s  a r e s u l t  of  a very high increase i n  t h e  

' tonus  of t h e  vagus nerve and, as a rule, i s  not observed i n  well  t r a ined  
a t h l e t e s  (S. P. Letunov, 1950). I ts  presence may i n d i c a t e  a d is rupt ion  of  t h e  
normal a c t i v i t y  of t h e  h e a r t  (V. I. Stovbun, 1959). In p a r t i c u l a r ,  t h i s  may 
be confirmed by the  f a c t  t h a t  it i s  f requent ly  combined with ex t r a sys to l i a ,  a 
lengthening of  t h e  P-Q i n t e r v a l ,  sharp s inus bradycardia and o the r  changes i n  
t h e  electrocardiogram of pathological  s ign i f icance .  
during over t ra in ing  and soon a f t e r  d i seases  ( inf luenza,  angina, i n fec t ions  
of t he  upper r e sp i r a to ry  t r a c t ) .  
may be encountered i n  well t r a i n e d  a t h l e t e s .  

/122 spo r t s  t r a i n i n g  i n  p a r a l l e l  with an increase  i n  the  s t a t e  of  t r a in ing .  - 

I t  i s  f requent ly  observed 

However, i n  some cases  sharp s inus  arhythmia 

Thus, acute  s inus  arhythmmia i n  a t h l e t e s  has var ious c l i n i c a l  i n t e r p r e t -  
a t ions .  I t  should be i n t e r p r e t e d  unfavorably when it i s  combined with changes 
i n  t h e  electrocardiogram ind ica t ing  a sharp increase  i n  the  tonus of  t h e  vagus 
nerve (lengthening of t h e  P-Q i n t e r v a l ,  e x t r a s y s t o l i a  and acute  s inus  brady- 
ca rd ia ) .  

In  those cases where sharp s inus  arhythmia i s  not  combined with changes 
i n  t h e  electrocardiogram ind ica t ing  a g rea t  increase  i n  t h e  tonus of t h e  vagus 
nerve,  it may be a va r i an t  of t h e  norm. 
pedagogic da t a  i n  these  cases  allows the  na ture  o f  t h e  problem t o  be 
determined. 

Analysis o f , c l i n i c a l  and medical- 

The d i r ec t ion  of  t h e  e l e c t r i c a l  ax is  of t he  h e a r t  i n  a t h l e t e s  i s  r e l a t e d  
t o  a c e r t a i n  extent  t o  t h e i r  spo r t s  spec ia l ty .  Thus, devia t ion  of t h e  
e l e c t r i c a l  axis of t he  hea r t  t o  t h e  r i g h t  is more f requent ly  observed (38-45%) 
i n  f o o t b a l l  p layers ,  s k i e r s  and swimmers, t o  t he  l e f t  (23.8-35.2%) i n  boxers, 
weight l i f t e r s ,  and long- and middle-distance runners (L. A. Butchenko, 1963). 
Regardless of  t he  type of s p o r t s ,  t he  normal pos i t i on  of t h e  e l e c t r i c a l  axis 
o f  t h e  hear t  predominates i n  a t h l e t e s .  Thus, t h e  c1 angle  of t h e  QRS complex 

1 1 2  
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i n  50.4% o f  t h e  cases is  located between +30 and +70°. 
moderate ( t o  +goo) or c l e a r l y  expressed (up t o  +120°) deviat ion of t h e  
e l e c t r i c a l  a x i s  o f  t h e  h e a r t  t o  t h e  r i g h t - i s  observed. 
t h e  e lectr ical  a x i s  of t h e  hea r t  i s  de f l ec t ed  t o  the  l e f t .  This i s  indicated 
by t h e  a angle of  t h e  QRS complex, which i s  general ly  located between +29 and 
zero degrees, less frequent ly  between zero and -30 degrees. 

In  31.6% of t h e  cases, 

In  18% of  t h e  cases,  

The d i r e c t i o n  of t h e  e lectr ical  axis  o f  t h e  h e a r t  i s  determined by 
hypertrophy and d i l a t i o n  of t h e  v e n t r i c l e s ,  d i s rup t ion  o f  t he  i n t r a v e n t r i c u l a r  
conductivity and by t h e  pos i t i on  of t h e  hea r t  i n  t h e  r i b  cage. 

The pos i t i on  of t h e  hea r t  i n  t h e  r i b  cage depends t o  a g rea t  extent  on 
t h e  type of physique and age. 
persons with a s then ic  b u i l d  C h a r a c t e r i s t i c a l l y  show t h e  e lec t r ica l  a x i s  o f  
t h e  hea r t  de f l ec t ed  t o  t h e  r i g h t ,  while o lde r  persons and persons with 
hypersthenic b u i l d  c h a r a c t e r i s t i c a l l y  show de f l ec t ion  t o  t h e  l e f t .  

It' has been found t h a t  young persons and 

One-time determination of t h e  d i r e c t i o n  o f  t h e  e lec t r ica l  a x i s  o f  t h e  
hea r t  i n  a t h l e t e s  i s  not o f  g r e a t  s ign i f i cance  f o r  an evaluation of t h e  
effects of s p o r t s  on t h e  h e a r t .  
e l e c t r i c a l  axis o f  t h e  hea r t  i n  a t h l e t e s  must be determined during t h e  course 
of  spo r t s  t r a i n i n g .  

For t h i s  purpose, t h e  pos i t i on  o f  t h e  

The durat ion o f  t h e  au r i cu la r -ven t r i cu la r  conductivity (P-Q i n t e r v a l )  i n  
a t h l e t e s  general ly  varies between 0.12 and 0.21 sec .  The upper boundary o f  
t h e  norm of duration of t h e  P-Q i n t e r v a l  i s  most f requent ly  encountered during 
bradycardia and under these  conditions is  an expression o f  t h e  increase i n  t h e  
tonus of t h e  vagus nerve (T. A. Davydova, 1954; Lepeschkin, 1957; Zuckermann, 
1957). Elongation of t h e  P-Q i n t e r v a l  t o  more than 0.21 s e c  i s  encountered i n  
a t h l e t e s  i n  2.2% of cases (S. P.  Letunov, 1950; L. A. Butchenko, 1963). I t  
a l s o  r e s u l t s  most f requent ly  from an increase i n  the  tonus of t h e  vagus nerve 
and i s  a va r i an t  of t h e  norm (Herzum, 1940; Schoppe, 1940; 0. V. Kacharov- 
skaya, 1948; Reindell ,  1949; S. P.  Letunov, 1950, 1957; N .  B .  Tambian, 1956; 
Mellerowicz, 1956; e t c . ) .  Our d a t a  ind ica t e  t h a t  elongation o f  t h e  P-Q i n t e r -  
v a l  a f te r  physical  loading or t h e  i n j e c t i o n  of a t rop ine  may be leveled and i t s  
duration shortened t o  t h e  norm. 
P-Q i n t e r v a l  may i n d i c a t e  changes i n  t h e  myocardium (Doliopoulos, Bangou, 
1953; Becner, Winsor, 1954). 

In some cases t h e  lengthening o f  t h e  

In  these  cases a f t e r  physical  loading t h e  i n j e c t i o n  o f  a t ropine general ly  
does not cause t h e  length o f  t h e  P-Q i n t e r v a l  t o  shorten,  a s l i g h t  shortening 
being observed i n  a few cases with subsequent lengthening during t h e  recovery 
period t o  more than t h e  i n i t i a l  length. 

The durat ion of t h e  QRS complex ( i n t r a v e n t r i c u l a r  conductivity) i n  
a t h l e t e s ,  as i n  heal thy persons not occupied with s p o r t s ,  general ly  v a r i e s  
between 0.05 and 0.10 sec. I n  4.05% of  cases, an increase i n  t h e  durat ion o f  
t h e  QRS complex t o  over 0.10 sec has been observed (L. A. Butchenko, 1963). 
I t  i s  frequent ly  combined with o the r  changes i n  t h e  electrocardiogram: with 
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low vol tage,  negat ive T 

hea r t  t o  t he  r i g h t ,  with acute  s inus  bradycardia,  e x t r a s y s t o l i a  and p a r t i a l  o r  
complete block of t he  r i g h t  branch of t he  bundle of  H i s .  

wave with de f l ec t ion  o f  t h e  e l e c t r i c a l  a x i s  of t h e  3 

Our da ta  show t h a t  i n  a t h l e t e s  t h e  expansion o f  t h e  QRS complex t o  over 
0.11 sec,  combined with block of t h e  r i g h t  branch of t h e  bundle of H i s  
( p a r t i a l  or complete) o r  o the r  pa thologica l  changes i n  the  electrocardiogram 
should be evaluated as an ind ica t ion  of damage t o  t h e  myocardium. 
inves t iga t ion  i n  most of  t hese  cases  genera l ly  allows t h e  reason f o r  damage t o  
the  myocardium, usua l ly  not r e l a t e d  with spo r t s ,  , t o  be determined. 

C l in i ca l  

An i s o l a t e d  increase  i n  the  durat ion of t he  QRS complex i n  a th le tes .may /124 - 
i n d i c a t e  physiological  hypertrophy of t h e  v e n t r i c l e s  (Delius, Reindel l ,  1938; 
Reindell ,  1949). However, i n  hea l thy  a t h l e t e s  with an increase  i n  t h e  s i z e  of 
one (frequent ly  t h e  l e f t )  o r  both v e n t r i c l e s  of  t h e  h e a r t ,  we have never 
observed an increase  i n  t h e  length o f  t h e  QRS complex by more than 0 .1  sec  
( L .  A. Butchenko, Ya. G.  Ablov, G. M. Kukolevskiy). 

The amplitude and form of the  waves a r e  determined t o  a grea t  extent  by 
t h e  technica l  c a p a b i l i t i e s  of  t he  apparatus used t o  perform t h e  inves t igg t ion .  
The broader the  frequency range of t h e  e lec t rocard iographic  ampl i f ie r ,  t he  
more co r rec t ly  w i l l  t h e  amplitude and form of t h e  electrocardiographic  waves 
be recorded. 
b a s i s  of inves t iga t ions  performed with t h e  "Siemens" apparatus,  which records 
frequencies from 0.2 t o  150 Hz without d i s t o r t i o n .  In  a l l ,  528 a t h l e t e s  were 
inves t iga ted  using t h e  "Siemens" apparatus.  
or spor t s  q u a l i f i c a t i o n s  from the  e n t i r e  group o f  a t h l e t e s  inves t iga ted  i n  any 
e s s e n t i a l  way. 

In  connection with t h i s ,  amplitude norms a r e  presented on t h e  

They d id  not d i f f e r  i n  sex, age 

Using t h e  s tandard leads,  t he  a t h l e t e s  show low amplitude of t he  P wave 
and high amplitude o f  t h e  R and T waves, frequent (75-55%) displacement of t h e  
S-T segment up . to  1 mm above the  i s o l i n e  i n  leads I and I1 (Figure 2 3 ) .  

Low P waves a r e  c h a r a c t e r i s t i c  f o r  t he  electrocardiograms of a t h l e t e s ,  
apparently r e s u l t i n g  from an increase  i n  the  tonus of  t h e  vagus nerve 
(Herxheimer, 1933; Klemola e t  a l . ,  1960; Mellerowicz, 1960). 

The genesis  of t h e  T wave i s  c lose ly  r e l a t e d  t o  t h e  metabolic processes  
i n  the  myocardium (M. Ya. Ar'yev e t  a l . ,  1941, 1947; I. N .  Bukhalovskiy, 1951; 
V. G .  Popov, 1953; K. S. Logunova, 1954; e t c . ) .  The inves t iga t ions  of 
Ye, S. Troshanova (1951), N .  N .  Yakovleva (1955) have shown a considerable  
increase  i n  myoglobin, inorganic  phosphorus, glycogen and a c t i v a t i o n  of  t h e  
enzyme systems i n  the  card iac  muscle i n  the  process of t r a i n i n g .  
it i s  here  t h a t  we should seek t h e  reason for t he  increased amplitude of  the  
T waves i n  a t h l e t e s .  

Apparently, 

Using t h e  111 l ead  i n  a t h l e t e s ,  we frequent ly  encounter negat ive,  two- 
phase and i s o e l e c t r i c  P and T waves. Here, t he  e l e c t r i c a l  axis of t h e  hea r t  
i s  located normally or def lec ted  t o  the  l e f t .  During deep inha la t ion ,  these  
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waves general ly  become pos i t i ve .  This i nd ica t e s  t h a t  t h e i r  o r ig in  t o  a 
considerable extent  r e s u l t s  from t h e  pos i t i on  of  t h e  hea r t  i n  t h e  r i b  cage 
(L.  I. Fogel'son, 1957). However, f u r t h e r  i nves t iga t ions  a r e  required f o r  a 
f i n a l  answer t o  t h i s  problem. 

In 4.75% of  t h e  cases  i n  a t h l e t e s ,  t h e  negat ive,  two-phase and i so -  

/125 - e l e c t r i c  T waves are encountered with de f l ec t ion  of  t h e  e l e c t r i c a l  ax is  o f  
t he  hea r t  $0 t he  r i g h t .  These electrocardiograms i n  74.3% of  the  cases a r e  
va r i an t s  of t he  norm (L.  A. Butchenko, 1963). They r e s u l t  from de f l ec t ion  of 
t h e  e l e c t r i c a l  axis of  t h e  h e a r t  t o  t he  r i g h t  and displacement of  t he  top of 
t h e  h e a r t  forward (Hoskin, Ionescu, 1940) or from s p e c i f i c s  of t h e  e x c i t a t i o n  
of t h e  myocardium of  the  v e n t r i c l e s ,  manifested i n  the  frequent (55%) presence 

of t h e  r i g h t  branch of  t he  bundle of  H i s  i n  a t h l e t e s  of p a r t i a l  block 
(L. A. Butchenko 

14 

Figure 23. 

I 

1959). 

1 1  

I !  I 

Electrocardiogram o f  A t h l e t e  K,  19 Years O l d  (Class I 
Boxer). Monopolar leads from thorax, Nehb lead,  HI and H2 leads 
on electrocardiogram 1 ,  a s  on o the r s ,  taken w i t h  control m i l l i -  
vol't  o f  5 mn. I n  order  to  reduce t o  standard values ,  amplitudes 

i n  these leads were doubled. 

In  25.7% of t h e  observat ions,  electrocardiograms with a l t e r e d  T3 waves 

.and de f l ec t ion  of t h e  e l e c t r i c a l  ax is  of t h e  h e a r t  t o  t he  r i g h t  a r e  the  r e s u l t  
of pathological  hypertrophy of  t he  myocardium of t h e  v e n t r i c l e s  or inflamma- 
tory ,  ischemic, and s c l e r o t i c  damage t o  the  myocardium. In these  cases ,  t h e  
electrocardiogram a l s o  shows c h a r a c t e r i s t i c s  of  pa thologica l  hypertrophy of 
t h e  l e f t  v e n t r i c l e ,  ex t r a sys to l e s  and o ther  rhythmic d is rupt ions ,  
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c h a r a c t e r i s t i c s  of ischemia of t h e  myocardium o r  foca l  myocardit is ,  and an 
elongated P-Q i n t e r v a l  (Figure 24). 

D A J 

Figure 24. Electrocardiogram o f  A t h l e t e  S ,  20 Years O l d  
(Class 1 Fencer). Explanation i n  t e x t .  

The high vol tage  of t h e  R waves i n  a t h l e t e s  apparent ly  r e s u l t s  from 
physiological  hypertrophy of t he  myocardium of  t h e  v e n t r i c l e s  (L.  A. But- 
chenko, 1963). 

Athletes  may a l s o  show low vol tage electrocardiograms. A s  our inves t iga-  - /126 
t i o n s  showed, they r e s u l t  p r imar i ly  from ext racard iac  f a c t o r s  and s p e c i f i c s  o f  
t h e  pos i t i on  of the  h e a r t  within the  thorax. 
include massive development of  t h e  s k e l e t a l  musculature. A good conductor, 
t h i s  musculature increases  t h e  e l e c t r i c a l  conduct ivi ty  o f  t he  body, causing 
"shunting" of  t h e  ac t ion  cur ren ts  of t h e  hea r t  and leading t o  a decrease i n  
the  vol tage on t h e  electrocardiogram. The s p e c i f i c s  of  t he  pos i t i on  of t he  
hea r t  within the  r i b  cage r e s u l t i n g  i n  a decrease i n  vol tage i n  the  e l e c t r o -  
cardiogram include de f l ec t ion  o f  t he  i n t e g r a l  vec to r  i n  the  s a g i t t a l  plane 
caused by a displacement of t h e  top  of t h e  h e a r t  t o  t he  r e a r ,  as a r e s u l t  of  
which its pro jec t ion  i n  t h e  f r o n t a l  plane i s  sharp ly  decreased. 

The ex t r aca rd iac  f a c t o r s  

In 33% of t h e  cases ,  .the low vol tage r e su l t ed  from the  inf luence of 
card iac  f ac to r s  and ind ica ted  pathological  changes i n  t h e  h e a r t  (myocardio- 
dystrophy, ca rd iosc l e ros i s ) .  The electrocardiograms i n  these  a t h l e t e s ,  i n  
addi t ion  t o  t h e  low vol tage ,  a l s o  showed e x t r a s y s t o l i c  arhythmia, elongation 
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of t h e  P-Q interval ,  not disappearing af ter  t h e  i n j e c t i o n  o f  a t ropine  o r  
physical  exercise ,  and o the r  pathological  changes. 

/127 - A s  concerns the  displacement of  t h e  S-T segment over t h e  i s o l i n e ,  it 
apparently r e f l e c t s  good blood supply t o  t h e  myocardium (G. F. Lang, 1936). 
I t  is  a l s o  poss ib le  t h a t  t h e  l i f t i n g  of  t h e  S-T segment ind ica tes  re inforce-  
ment of oxidat ive processes i n  t h e  myocardium (Wendt, 1946). However, a more 
probable reason f o r  t h e  displacement of t h e  S-T segment above t h e  i s o l i n e  i s  
an increase i n  the  tonus of t h e  vagus nerve, c h a r a c t e r i s t i c  f o r  w e l l  t r a ined  
a t h l e t e s  (Reindell ,  1949; Mellerowicz, 1956; Klemola e t  a l . ,  1960). 

The normal electrocardiogram of a t h 1 e t e s . h  monopolar chest  leads has i t s  
spec i f i c  fea tures .  
general ly  not exceeding 1 mm. leads,  it may be two- 

phased and negative.  
Lepeschkin (1957), etc.,  these  changes i n . t h e  P wave are a va r i an t  of t h e  
norm. 

The P wave i n  t h e  monopolar chest  lead has low amplitude, 
In the  V1, V2 and V 

According t o  the  d a t a  of  Meyers e t  a l .  (1947), 
3 

The waves of t h e  QRS complex and the  T wave i n  monopolar chest leads,  as 
with standard leads,  are considerably l a r g e r  i n  a t h l e t e s  than i n  heal thy 
persons not occupied with spo r t s  (Table 7) .  

In the  V1 and V2 leads,  negat ive and two-phased T waves a r e  f requent ly  

encountered, accompanied by a QRS complex of t he  rS type, which, according t o  
t h e  da t a  of Goldberger (1953), M. B. Tartakovskiy (1958), e t c . ,  i s  a va r i an t  
of t he  norm. The S-T segment i n  monopolar chest  l eads ,  as i n  standard leads ,  
i s  displaced above the  i s o l i n e  i n  most a t h l e t e s  (from 43.5 t o  96.8%), 
sometimes up t o  3.5 mm. In monopolar chest  leads we frequent ly  see  sharp (by 
8 mm and more) increases  i n  the  amplitude of t h e  R wave i n  t h e  V4 lead i n  

comparison with the  Vg lead,  as well  as moderate r o t a t i o n  of t h e  hear t  i n  a 
counterclockwise d i r ec t ion  about i t s  longi tudinal  ax i s  (L. A. Butchenko, 
1963). Frequently, a t h l e t e s  recorded with monopolar chest  leads show a 
r e l a t ionsh ip  of the  amplitude of  t h e  R and S waves exceeding t h a t  observed i n  
untrained persons. 

a t ions  exceeds t h e  upper l i m i t  of t h e  norm, which i s  22. The Svl + Rv5 index 

i n  31.4% of a l l  inves t iga ted  a t h l e t e s  exceeds t h e  upper l i m i t  of  the norm, 
35 mm, while t he  Rvl + Sv5 index exceeds t h e  upper l i m i t  o f  t h e  norm, 10.5 mm, 
i n  20% of a l l  those inves t iga ted .  These indices  were suggested by Sokolow and 
Lyon (1949) f o r  t h e  diagnosis o f  pathological  hypertrophy of t h e  hea r t .  They 
have been w e l l  s tudied and are used i n  c l i n i c a l  p r a c t i c e  (Kalliomake e t  a l . ,  
1960; Ionash, 1963; e t c . ) .  .Komadel and Feriencik (1957), V. V. Bulyychev 
(1962) a l s o  used them t o  diagnose hypertrophy of t he  h e a r t  i n  a th l e t e s .  
However, hypertrophy of t h e  hea r t  i n  a t h l e t e s  d i f f e r s  i n  p r inc ip l e  from 
pathological  hypertrophy. 
observed i n  a t h l e t e s ,  t h e  increase  i n  t h e  cont rac t ive  and reserve forces  i s  
not accompanied by any d is rupt ion  i n  metabolism o r  blood supply t o  the  myo- 
cardium. 

Thus, t h e  R/S index i n  t h e  V6 lead i n  14% of  the  observ- 

With the  physiological  hypertrophy of t h e  hear t  
/129 - 

Metabolic d i sorders  and a worsening of blood supply of  the  
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myocardium are c h a r a c t e r i s t i c  f o r  pathological  hypertrophy. 
with t h i s ,  it i s  hardly proper t o  use indices  suggested f o r  t h e  diagnosis of 
pathological  hypertrophy f o r  t h e  diagnosis o f  physiological  hypertrophy. 
Also, t h e  inves t iga t ions  o f  L .  A. Butchenko, Ya. G.  Ablov and G. M. Kukolev- 
sk iy  (1966) have shown t h a t  t h e  increase i n  t h e  Sokolow and Lyon indices  are 
encountered i n  a t h l e t e s  i d e n t i c a l l y  f requent ly  both with enlarged hea r t  
and with normal s i ze  h e a r t s .  Therefore, t h e s e  indices  cannot be used f o r  
a t h l e t e s  f o r  diagnosis o f  hypertrophy of t h e  h e a r t .  
graphic method as y e t  has  no r e l i a b l e  c h a r a c t e r i s t i c s  for ' 'diagnosis" of 
physiological hypertrophy o f  t h e  h e a r t ,  t h e  increase i n  t h e  Sokolow and Lyon 
indices ,  as well as a sharp increase i n  the  R wave i n  t h e  V lead i n  compar- 

ison with the  V lead and a moderate r o t a t i o n  o f  t h e  hea r t  i n  a counter- 

clockwise d i r e c t i o n  about i t s  longi tudinal  a x i s  i n  a t h l e t e s  should be 
considered v a r i a n t s  of t h e  "sports1' norm. These changes i n  t h e  e l ec t ro -  
cardiogram ar ise  i n  t h e  process of extended spor t s  t r a i n i n g  and ind ica t e  good 
functional condition o f  t h e  hea r t .  

In  connection 

Since t h e  electrocardio-  

4 

3 '  

In  10.5% of t h e  observations o f  a t h l e t e s ,  p a r t i a l  block of t h e  r ig& 
branch of t h e  bundle of H i s  was observed. 
not  exceed t h e  upper boundary of t h e  norm i n  any case, f luc tua t ing  between 
0.08 and 0.10 sec. This p a r t i a l  block of t h e  r i g h t  branch of t h e  bundle of 
H i s  i s  evaluated by most i nves t iga to r s  at  t h e  present  t i m e  as a va r i an t  of t h e  
nom. However, t h e  p o s s i b i l i t y  cannot be excluded t h a t  i n  some a t h l e t e s  i t  i s  
a r e s u l t  of hmertrophy o f  t h e  r i g h t  v e n t r i c l e .  
indicated by inves t iga t ions  performed by Zh. A.  Teslenko (1964). 

The duration of t h e  QRS complex d i d  

This i s  p a r t i c u l a r l y  

The c h a r a c t e r i s t i c  f e a t u r e s  of t he  electrocardiogram with amplified 
monopolar leads from t h e  ex t r emi t i e s  i n  a t h l e t e s  include low-amplitude P wave, 
high-amplitude R and T waves, and p a r t i a l  presence o f  ver t ica l  and semi- 
ve r t i ca l  e lec t r ica l  p o s i t i o n  of t h e  hea r t  (see Figure 2 3 ) .  Thus, according t o  
our da ta ,  v e r t i c a l  and semivert ical  e l e c t r i c a l  d iv i s ion  of t h e  h e a r t  i s  
encountered i n  71.2% of t h e  observations,  intermediate pos i t i on  -- i n  19.3%, 
horizontal  and semihorizontal  pos i t i on  i n  9.5%. The presence of t h e  
v e r t i c a l  and semivert ical  e l e c t r i c a l  pos i t i on  o f  t h e  hea r t  i n  t h e  over- 
whelming majori ty  of a t h l e t e s  i s  apparently explained t h a t  i n  these  
persons, as i n  young persons, t h e  h e a r t  i s  located more v e r t i c a l l y  than i n  
o lde r  persons. 
a c t i v i t i e s ,  s ince  during extensive t r a in ing ,  a change i n  pos i t i on  of t h e  h e a r t  
i n  t h e  r i b  cage a r i s i n g  as a r e s u l t  o f  t r a i n i n g  i n  connection with the  descent - /130 
of t h e  diaphragm as r e s p i r a t i o n  deepens may become permanent. 

I t  i s  a l s o  poss ib l e  t h a t  t h i s  i s  a r e s u l t  of t he  spo r t s  

The p o s s i b i l i t y  i s  a l s o  no t  excluded t h a t  physiological  hypertrophy o f  
t he  v e n t r i c l e s  of t h e  h e a r t  and cons t i t u t iona l  s p e c i f i c s  of t he  organism are 
s ign i f i can t  i n  t h e  formation o f  t h e  e l e c t r i c a l  p o s i t i o n  of t h e  hea r t  o f  
a t h l e t e s .  
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In  amplified monopolar leads  from the  ex t remi t ies ,  t h e  amplitude and 

In the  aVR lead ,  P and T waves a r e  
d i r e c t i o n  of  t h e  waves and t h e  form of t h e  electrocardiogram a r e  determined by 
t h e  e l e c t r i c a l  pos i t i on  of  t h e  hea r t .  
always negat ive,  t h e  r wave i s  r e l a t i v e l y  small and f requent ly  t h e  Q wave o r  
S wave is  small. The amplitude of  t h e  P wave, as a r u l e ,  i s  low, while t he  
T wave i s  f requent ly  l a rge .  

In  t h e  aVL lead,  t h e  P and T waves a r e  general ly  pos i t i ve .  If the re  i s  a 
negat ive T wave and it i s  combined with a QRS complex of t h e  rR o r  QS type, 
t h i s  i s  a va r i an t  o f t h e  norm (Goldberger, 1953). The P wave i n  most a t h l e t e s  
i s  low. 

In  t h e  aVF lead,  negat ive P wave and T wave may a l s o  be encountered. I t  
should be emphasized t h a t  t h e  negat ive T wave i s  observed only i n  cases  of 
hor izonta l  e l e c t r i c a l  pos i t i on  of  the  hea r t .  
has t h e  r S  form which, according t o  t h e  da t a  of  Cazes (1950) and M. B. Tarta- 
kovskiy (1958), i s  a v a r i a n t  of  t h e  norm. 
l a rge ,  while t he  P wave is f requent ly  of  low amplitude. 

In  t h i s  case,  the  QRS complex 

The R and T waves a re  f requent ly  

In  t h e  Nehb leads and i n  t h e  H1, H2 and H l eads  i n  a t h l e t e s  the  same 

changes a r e  observed as i n  the  leads analyzed above, namely: 
P wave, high amplitude of  waves i n  QRS complex and T wave (see Figure 23). 

3 
low amplitude o f  

In  the  H1 lead,  t h e  electrocardiogram has no e s s e n t i a l  d i f fe rences  from 
the  electrocardiogram i n  t h e  A lead a f t e r  Nehb. 

1 The QRS complex, cons is t ing  o f t h e  q and R waves, i s  observed i n  the  H 

lead when t h e  h e a r t  is  r o t a t e d  about i t s  longi tudina l  ax i s  i n  the  counter- 
clockwise d i r ec t ion .  When t h e  hea r t  i s  ro t a t ed  about i t s  longi tudina l  ax is  i n  
the  clockwise d i r ec t ion ,  t he  QRS complex i n  the  H1 l ead  cons i s t s  of t h e  R and 

S waves (A. G.  Dembo and L. A. Butchenko, 1958). 

In a t h l e t e s  i n  t h e  H1 lead,  t h e  QRS complex, i n  con t r a s t  t o  heal thy 

Thus, t he  QRS 
persons not  involved i n  spo r t s ,  i s  more frequent ly  represented by the  q and 
R waves and l e s s  f requent ly  by a l l  t h r e e  component waves. 
complex, cons is t ing  o f  t h e  q and R waves i n  a t h l e t e s  i s  observed i n  29% of t h e  
observat ions,  while i n  heal thy persons not involved i n  s p o r t s  i n  only 15%. 
??le QRS complex cons i s t ing  of  a l l  t h r e e  waves is noted i n  a t h l e t e s  i n  62% of 
the  cases ,  i n  nonathletes  i n  78%. The QRS complex cons i s t ing  of  t he  R and 
S waves is  encountered i d e n t i c a l l y  f requent ly  i n  a t h l e t e s  and i n  heal thy 
nonathletes  -- i n  7% o f  the  cases.  
i n  t he  H1 lead i n  a t h l e t e s  and heal thy persons not  involved i n  spo r t s  can be 

explained by the  f a c t  t h a t  i n  a t h l e t e s  r o t a t i o n  of  t he  hea r t  about the  
longi tudina l  axis i n  t h e  counterclockwise d i r e c t i o n  i s  more f requent ly  
observed. 

The d i f fe rences  i n  form of  the  QRS complex - /131 
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In  the  H1 and Hg leads t h e  S-T segment i n  56% and i n  the  H2 lead i n  90% 

of  the  observations is  located above the  i s o l i n e  by up t o  1.5 mm. 

The electrocardiograms i n  the  H leads i n  most a t h l e t e s  a r e  reminiscent of 

A l l  waves i n  the  

2 
the  electrocardiogram i n  r i g h t  precord ia l  leads.  
the  QRS complex cons i s t s  of the  R wave or t h e  r and S waves. 
QRS complex a r e  expressed when the re  is  a sharp r o t a t i o n  o f  t he  hea r t  around 
i t s  longi tudinal  ax is  i n  t h e  counterclockwise d i r e c t i o n  ( i n  4%).  In  mono- 
po la r  chest  leads i n  t h i s  case,  beginning with the  V3 lead,  the  ven t r i cu la r  

complex has the  form qRS or qRs, c h a r a c t e r i s t i c  f o r  p o t e n t i a l s  of the  
ep ica rd ia l  sur face  of the  l e f t  v e n t r i c l e .  

In  96% of  those observed, 

As examples o f  normal and pa thologica l ly  changed electrocardiograms o f  
a t h l e t e s ,  w e  present  t h e  following two cases.  

1. K ,  19 years ,  I rank boxer. Healthy, wel l  t ra ined .  X-ray examination 
reveals  increase i n  s i z e  of l e f t  v e n t r i c l e  of  h e a r t  (see Figure 23). Moderate 
s inus  arhythmia with 65 hea r t  contract ions p e r  minute. Difference between 
maximum and minimum R-R i n t e r v a l  0.15 sec ,  P-Q = 0.15 sec,  QRS = 0.10 sec;  
Q-T = 0.36 sec  (norm 0.362 sec)  . 

E l e c t r i c a l  pos i t i on  of h e a r t  using Wilson and Goldberger method v e r t i c a l :  
QRS complex i n  aVL lead similar t o  QRS complex i n  V1 and V2 lead and has form 
rS ,  while QRS complex i n  aVF lead s i m i l a r  t o  QRS-complex i n  V5 and V6 lead 

and has form qRs. 

counterclockwise .d i rec t ion  noted: beginning with V4 l ead ,  QRS complex has 

form qRs, ind ica t ing  t h a t  d i f fe rence  e lec t rode  i s  turned toward ep icard ia l  

surface of l e f t  v e n t r i c l e .  

complex has form rS,  ind ica t ing  t h a t  the  thorac ic  e lec t rode  is  turned toward 

t h e  ep ica rd ia l  sur face  of  the  r i g h t  v e n t r i c l e .  

t r ans i en t , fo rm of  QRS complex (RS). 

q wave and high R wave. 
and H2 leads,  QRS complex i s  similar t o  QRS complex i n  r i g h t  monopolar chest  

leads and has form r S  and RS. 

Moderate r o t a t i o n  of t h e  hea r t  about t he  v e r t i c a l  axis i n  

In  V1 and V2 leads,  i n i t i a l  por t ion  of ven t r i cu la r  

In  V3 lead,  t he re  i s  a 

In  D l ead ,  QRS complex cons is t s  of  small 

In  A and H1 leads,  QRS complex has form qRs. In  J 

T waves i n  I ,  

above i s o l i n e  

Electrocardiogram (see Figure 23) shows changes c h a r a c t e r i s t i c  f o r  
a th l e t e s .  In  addi t ion  t o  moderate r o t a t i o n  of  t h e  h e a r t  about i t s  longi-  
tud ina l  axis i n  the  counterclockwise d i r ec t ion ,  t hese  include: decrease i n  
a l l  leads (with t h e  except ion 'of  aVF, D and A) of P wave; high amplitude of 

11, aVR, V2-V5, D, A, H2 leads;  displacement of S-T segment 

i n  I ,  11, aVL,  V1-V6, D, A, J, H1 and H2 leads;  sharp (by 13 mm) 

1 2 1  



increase  i n  t h e  amplitude of t h e  

Sv + Rv5 index = 37 mm (norm up 

2. S, 20 years  o ld ,  I rank 
X-ray examination shows enlarged 

1 

R wave i n  V4 lead i n  comparison with V lead; 3 
t o  35 mm).  

fencer.  Suf fers  from chronic t o n s i l l i t i s .  
l e f t  v e n t r i c l e .  Electrocardiogram [see 

Figure 24) shows tendency t o  def lec t ion  of t h e  e l e c t r i c a l  a x i s  of the  h e a r t  t o  
t h e  r i g h t :  ’ i d e n t i c a l  amplitude of R and S waves i n  I lead and high R wave i n  
I11 lead.  In  I11 l ead ,  T wave is  negative.  
v e r t i c a l .  QRS complex i n  aVL lead  similar t o  QRS complex i n  V and V2 leads,  

while QRS complex i n  aVF lead similar t o  t h i s  complex i n  V5, V6 leads.  

aVF lead,  QRS complex has form qR, ind ica t ing  def lec t ion  of top of hea r t  

forward. 

negat ive T 

these  s p e c i f i c s  o f  t h e  loca t ion  of t he  hea r t  i n  t h e  r i b  cage. 
electrocardiogram i n  t h i s  a t h l e t e  r e s u l t  from pathological  hypertrophy of  l e f t  
v e n t r i c l e ,  
S-T segment i n  aVF, V 

and J leads.  
f e s t e d  i n  standard leads with v e r t i c a l  e l e c t r i c a l  pos i t ion  of  t he  hear t  i n  the  
form of  de f l ec t ion  of t h e  e l e c t r i c a l  axis ,of t h e  h e a r t  t o  t he  r i g h t ,  combined 
with negat ive T3 wave. 

muscular a c t i v i t y  o f  moderate and high i n t e n s i t y  i n  heal thy persons, i n  
addi t ion t o  an increase  i n  t h e  pulse  frequency, a shortening of the  P-Q and 
Q-T i n t e r v a l s ,  displacement of  the  P-Q and S-T segments below the  i s o l i n e ,  an 
increase  i n  the  amplitude o f  t h e  P wave, we a l so  see  a t  first a decrease i n  
t h e  T, R waves and a deepening of the  S and Q waves, after which t h e  T wave 
increases .  

E l e c t r i c a l  pos i t i on  of  h e a r t  

1 
In 

However, it does not seem poss ib le  t o  explain t h e  presence of 

3 wave with de f l ec t ion  of e l e c t r i c a l  ax i s  of  hea r t  t o  the  r i g h t  by 

Changes i n  

This is  indica ted  by t h e  displacement below t h e  i s o l i n e  of t h e  

Pathological  hypertrophy of  t he  l e f t  v e n t r i c l e  i s  a l s o  mani- 

and V, leads and two-phase T wave i n  aVF, V4-V7”, D, A 6 

Change i n  electrocardiogram during and a f t e r  muscular a c t i v i t y .  During 

During the  recovery per iod a t  first the  T wave i s  elevated,  a f t e r  which 
it decl ines  (Knoll, 1932; Marzehn, 1936; Schlomka e t  a l . ,  1939; Reindell ,  
1949; Slapak, 1956; L. A.  Butchenko, 1956, 1966; V. V. Matov, 1960; Metzner, 
1960). 

The changes noted i n  t h e  electrocardiogram during muscular a c t i v i t y ,  
during t h e  r e s to ra to ry  per iod by Klepzig e t  a l .  (1956) i s  considered t o  be a 
r e s u l t  of vege ta t ive ly  caused r e s t ruc tu r ing  of metabolism i n  the  myocardium. 
Prokop (1962), i n  addi t ion  t o  vege ta t ive  inf luences,  r e l a t e s  t h e  dynamics of  
t he  T wave during muscular a c t i v i t y  with a change i n  the  pos i t i on  of  t h e  hea r t  
i n  t he  r i b  cage i n  r e l a t i o n  t o  t h e  increased depth of r e sp i r a t ion .  Nordenfelt 
(1940, 1941) a t taches  e s s e n t i a l  s ign i f icance  t o  the  decrease i n  blood supply 
t o  the  h e a r t  as a r e s u l t  of t ach ica rd ia  and t h e  increase i n  a r t e r i a l  pressure.  
Thus, t h e  genesis  of changes i n  the  electrocardiogram during and a f t e r  
muscular a c t i v i t y  cannot be considered f u l l y  known. 
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In  order  t o  study t h i s  quest ion,  118 heal thy,  w e l l  t r a ined  masters of 
s p o r t s  (14 persons),  f irst  (64 persons) and second (40 persons) rank sportsmen 
were s tudied  during t h r e e  minutes work on t h e  s t a t iona ry  bicycle ,  a t  
75 r o t a t i o n s  pe r  minute with a standard load and €or f i v e  minutes recovery 
per iod (L.  A. Butchenko, 1965). In  addi t ion  t o  recording the' e lec t rocard io-  
gram using the  H1 lead,  t h e  a r t e r i a l  p ressure  w a s  measured by t h e  Korotkov 
audi tory method and t h e  s a t u r a t i o n  of  t h e  arterial  blood with oxygen was 
determined using an 0-36 oxyhemograph. 

During th ree  minutes work on the  s t a t i o n a r y  b i cyc le  and the  recovery 
per iod,  a l l  of t he  changes i n  electrocardiograms described above were noted. 
As an example, we present  t he  electrocardiogram o f  a t h l e t e  Sh, 18 years ,  a 
I1 rank s k i e r  (Figure 25). 

/133 - 

F i g u r e  25. Electrocardiogram of A t h l e t e  S h ,  18 years old 
( I 1  Rank Sk ie r ) .  1 ,  s i t t i n g  q u i e t l y :  a ,  ordinary resp i r -  
a t ion ;  b, Deep inha la t ion ;  c ,  Deep exhala t ion ;  2 ,  Loading: 
a , . 3 0  sec ;  b, 50 sec ;  c ,  2 m i n ;  d ,  3 m i n ;  3 ,  R e s t i n g  

seated:  a ,  1 sec ;  b, 30 sec ;  c ,  2 m i n ;  d ,  5 m i n  

. In  t h e  electrocardiogram a t  rest during deep inha la t ion ,  we see  a s l i g h t  
During phys ica l  loading, an increase  i n  pulse  decrease i n  t h e  T and R waves. 

frequency, increase  i n  t h e  P wave, deepening of t h e  S wave and displacement of 
the  S-T and P-Q segments below t h e  i s o l i n e  a r e  noted. 
decrease a t  30 seconds loading, and the  T wave increases  beginning a t  
50 seconds loading. 

The T and R waves 

During t h e  recovery per iod a t  t h e  t h i r t i e t h  second, a 
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fu r the r  increase  i n  t h e  T wave i s  noted, replaced at t h e  five-minute mark by a 
decrease.  

I t  follows from t h e  inves t iga t ions  performed t h a t  t h e  reduction i n  the  
T wave and o the r  changes i n  t h e  electrocardiogram a r i s i n g  a t  t h e  beginning of 
loading do not r e s u l t  from a change of t h e  pos i t i on  of  t h e  h e a r t  due t o  
increased depth of  r e s p i r a t i o n .  I t  might be considered t h a t  a r o l e  i s  played 
by r e d i s t r i b u t i o n  of blood i n  t h e  organism occurring during t h e  working-in 
period. This r e d i s t r i b u t i o n  o f  blood i n  t h e  organism occurs i n  such a way 
t h a t  the  hea r t  rece ives  less blood than is  required:  
coronary blood flow occurs,  which i n  t u r n  i s  manifested on t h e  e l ec t ro -  
cardiogram i n  the  form of a decrease i n  the  T wave1. 

r e s u l t s  from a change i n  hemodynamics during the  process of performance o f  t h e  
loading and a change i n  t h e  b ioenerge t ics  of  t h e  myocardium resu l t i ng  from 
hypoxemia. 
expressed increase  i n  pulse  frequency, a sharp displacement of the  S-T and 
P-Q segments beneath t h e  i s o l i n e ,  a s i g n i f i c a n t  increase  i n  the  P wave and a 
shortening of t h e  P-Q i n t e r v a l ,  an increase  in .  t h e  maximum and minimum 
a r t e r i a l  pressures  and a decrease i n  s a t u r a t i o n  of  a r t e r i a l  blood with oxygen 
by more than 3% i n  comparison with t h e  da t a  while a t  r e s t .  

a r e l a t i v e  decrease i n  
/134 - 

The increase  i n  t h e  T wave a r i s i n g  a t  t h e  end o f  t h e  loading apparently 

Thus, a t  t h e  end of performance of  t he  work, we see  a c l e a r l y  

A f u r t h e r  e leva t ion  o f  t he  T wave, occurring a t  t he  end o f  t he  f irst  
minute of t he  recovery per iod,  apparently r e s u l t s  from vegeta t ive  changes and 
changes i n  metabolism r e l a t e d  t o  t h e  in t ens ive  course o f  t h e  recovery 
processes.  
comparison t o  the  work per iod,  t h e  r e tu rn  t o  t h e  i n i t i a l  va lue  of t he  
P-Q i n t e r v a l  and the  decrease i n  minimal ar ter ia l  pressure .  The decrease i n  
minimal a r t e r i a l  p ressure  can a l s o  be explained by r e l axa t ion  of t h e  muscles 
during t h e  recovery per iod.  

This might be ind ica ted  by the  decrease i n  pulse  frequency i n  

The drop i n  the  T wave observed a t  t h e  beginning of  t h e  f i f t h  minute of  
t h e  recovery per iod probably r e s u l t s  from pooling of  blood i n  the  periphery,  
decreased blood a r r i v a l  a t  t h e  h e a r t  and coronary vesse l s  (Reindell ,  1949; 
Slapak, 1956; Prokop, 1962). 

I t  should be noted t h a t  changes i n  the  electrocardiogram during physical  
work i n  a t h l e t e s ,  i n  addi t ion  t o  t h e  i n t e n s i t y  and dura t ion  of t h e  loading, 
a l s o  depend on t h e  s t a t e  of  t r a i n i n g .  Well t r a i n e d  a t h l e t e s  do not  show an 
increase  i n  t h e  T wave i n  response t o  small loads. In  many cases ,  t h e  
recording of  t h e  electrocardiogram during loading allows pathological  changes 
i n  t h e  hea r t  which cannot be  de tec ted  by o t h e r  methods of  i nves t iga t ion  t o  be 
revealed i n  a t h l e t e s .  As an example, we present  t h e  following e l ec t ro -  
cardiogram. 

. - - - . . . -. . . . . . . . . . . . . . - . . -  ____ r_~*. r. - 

I T h i s  po in t  o f  view, na tu ra l ly ,  does not  exclude o the r  mechanisms f o r  changes 
i n  t h e  T wave during.muscular a c t i v i t y .  Further  i nves t iga t ion  i n  t h i s  d i r ec -  
t i o n  is  q u i t e  promising -- Ed. 
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I11 rank weight l i f t e r  V, 25 years  o ld ,  heal thy,  s a t i s f a c t o r i l y  t r a ined  
(Figure 26). 

s inus  rhythm with a pulse  frequency o f  74 bea t s  pe r  minute was recorded; 
P-Q = 0.14 sec.  During loading (e ight  deep knee bends carrying a 110-kg 
weight), i n  addi t ion  t o  an increase  i n  pulse  frequency t o  133 bea ts  p e r  
minute, a decrease i n  the  T wave, a decrease i n  t h e  P-Q i n t e r v a l  t o  0.11 sec ,  
manifestat ion of  f requent  au r i cu la r  ex t r a sys to l e s  with aber ran t  v e n t r i c u l a r  
complex w a s  noted. 
were not observed. 

The electrocardiogram was taken i n  t h e  H2 lead. A t  r e s t ,  a 

A t  r e s t  and during the  recovery per iod,  these  f ea tu res  

Figure 26. Electrocardiogram o f  Athlete  V ,  25 Years O l d  
( I l l  Rank Weight L i f t e r ) .  1 ,  a t  r e s t  sea ted ;  2 ,  under load 

(8 s e c ) ;  3 ,  res t ing  seated:  a ,  10 sec ;  b ,  2 m i n  

The electrocardiogram o f  an a t h l e t e  i s  most f requent ly  recorded af ter  /135 

2-3 minutes running i n  p lace  a t  180 s t eps  pe r  minute and a f t e r  var ious 
t r a i n i n g  exerc ises  and competition. Electrocardiographic  inves t iga t ion  af ter  
2-3 minutes running i n  p lace  allows, i n  addi t ion  t o  an evaluat ion of  t h e  
func t iona l  s t a t e  of t h e  myocardium, determination of t h e  general  s t a t e  of 
t r a in ing  of t he  organism. 
an evaluat ion of t h e  spec ia l  s t a t e  of  t r a i n i n g  o f  t he  organism or i t s  spor t s  
c a p a b i l i t i e s .  

Inves t iga t ion  af te . r  t r a i n i n g  and competition allows 

After  2 - 3  minutes running i n  p lace  a well  t r a ined  a t h l e t e  shows a 
moderate (by 21-30% of  t h e  i n i t i a l  value) increase  i n  pulse  frequency. Sinus 
arhythmia becomes more c l e a r l y  expressed and is encountered more f requent ly  
than a t  r e s t .  
markedly, o r  i s  s h i f t e d  s l i g h t l y  t o  the  r i g h t .  

The e l e c t r i c a l  ax i s  of t he  hear t  does not  change i t s  pos i t i on  

The P and T waves, as a r u l e ,  increase  s l i g h t l y  i n  the  11, I11 and r i g h t  
precardiac leads.  The P-Q.interva1 i s  shortened or remains unchanged. 

The e l e c t r i c a l  s y s t o l e  i s  a l s o  shortened or remains unchanged i n  compar- 
ison with i t s  normal value.  
values ,  as a r u l e ,  i s  completed wi th in  f i v e  minutes of r e s t .  

The r e s t o r a t i o n  of  t hese  changes t o  t h e i r  i n i t i a l  
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Athletes  with i n s u f f i c i e n t  general  s t a t e  of  t r a i n i n g  and untrained 
persons show considerable  increases  i n  pulse  frequency after 2-3  minutes 
running i n  p lace  (by 43-54% of t h e  i n i t i a l  va lue) ,  as well as a decrease i n  
the  S-T and P-Q segments below t h e  i s o l i n e ,  a decrease i n  summary vol tage of 
t h e  R waves (R1 + R2 + R ) and increased r e s t o r a t i o n  per iods.  

much more sharply expressed than after measured laboratory loads.  Thus, a f t e r  
t r a i n i n g  t h e  pulse  frequency a t  t h r e e  minutes i n t o  t h e  recovery per iod exceeds 
the  i n i t i a l  da t a  by 60-100%. 
are displaced below t h e  i s o l i n e .  Frequently, a decrease i n  summary vol tage of  
t h e  R waves is  observed. In many a t h l e t e s ,  lengthening of  t h e  e l e c t r i c a l  
s y s t o l e  i n  comparison with i t s  normal value by 0.05-0.08 s e c  and an increase  
i n  the  P and T waves i n  the  t h r e e  standard and precord ia l  leads a r e  noted. 
Sometimes, t he  increase  i n  t h e  T waves i n  the  precord ia l  leads i s  expressed 
considerably more sharp ly  than i n  t h e  s tandard leads.  

The changes i n  t h e  electrocardiogram after t r a i n i n g  and competition a r e  /136 - 

t h e  S-T and P-Q segments of  a l l  test  sub jec t s  

The recovery per iod a f t e r  t r a i n i n g  is  delayed: a t  15 minutes i n t o  the  
rest per iod,  t he  pulse  frequency i s  20-60% higher  than i ts  i n i t i a l  frequency.* 
The S-T and P-Q segments, as a r u l e ,  remain displaced below t h e  i s o l i n e .  The 
summary vol tage of t h e  R waves i s  res tored  t o  i t s  i n i t i a l  value by t h a t  time, 
while t h e  e l e c t r i c a l  s y s t o l e  corresponds t o  i t s  proper value.  
s inus  arhythmia, immediately a f t e r  t r a i n i n g  i t  disappears.  During the  
recovery per iod,  it r i s e s  again when the  pulse  frequency exceeds the  i n i t i a l  
value by an average of 50%. 

A s  concerns 

These e lec t rocard iographic  changes are r e l a t i v e l y  more sharply expressed 
a f t e r  t r a in ing ,  t h e  end purpose of which is  t h e  development of  speed. 
are somewhat l e s s  sharp ly  expressed af ter  t r a i n i n g  f o r  general  physical  
improvement o r  t r a i n i n g  designed t o  develop endurance and, f i n a l l y ,  a r e  least 
sharp ly  expressed a f t e r  t r a i n i n g  cons is t ing  of work on the  technical  perfonn- 
ance of exerc ises .  

They 

After  competition (pr imari ly  due t o  the  grea t  f i n i s h  e f f o r t s )  t he  changes 

Thus, t h e  pulse  frequency a t  t h r e e  minutes of rest exceeds t h e  
i n  the  electrocardiogram a r e  expressed even more in t ens ive ly  than a f t e r  
t r a in ing .  
i n i t i a l  value by 80-120%. The increase  i n  the  e l e c t r i c a l  s y s t o l e  i n  compar- 
ison with i ts  proper value and the  decrease i n  t h e  S-T and P-Q segments and 
t h e  summary vol tage  of  t he  R'waves are more frequent and more in tens ive  than 
after t r a in ing .  
i s  more frequent and more sharply expressed. 

An increase  i n  T and P waves i n  s tandard and precord ia l  leads 

The recovery per iod a f t e r  competition i s  extended: a t  15 minutes i n t o  
t h e  rest per iod,  t he  pulse  frequency exceeds the  i n i t i a l  value by 50-70%. In 
many a t h l e t e s ,  r e s t o r a t i o n  of t h e  decreased summary vol tage of t h e  R waves 
does not  occur. The e l e c t r i c a l  s y s t o l e  does not  occur i n  correspondence with 
'its proper value,  t h e  displacement of the  S-T and P-Q segments below t h e  
i s o l i n e  a t  15 minutes i n t o  the  recovery per iod has general ly  not  y e t  been 

u t i l i z a t i o n  of  t h e  func t iona l  reserves  o f  t he  hea r t  and t h e  physiological  
/137 l iqu ida ted .  A l l  o f  t hese  changes, apparently,  a r e  a r e s u l t  o f  t he  maximum - 
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f a t i g u e  of  t he  organism a f t e r  performance of i n t ens ive  and extended work. 
This  is  confirmed by t h e  f a c t  t h a t  12-24 hours r e s t  l i qu ida te s  a l l  changes 
i n  the  electrocardiogram completely. 

These changes i n  the  electrocardiogram a f t e r  t r a i n i n g  and competition 
are observed i n  well t r a ined  a t h l e t e s .  If the  a t h l e t e s  are i n s u f f i c i e n t l y  
wel l  t r a ined  or a r e  overtrained,  t h e  lack of correspondence between the  
t r a i n i n g  loads and t h e i r  p repara t ion  i s  manifested i n  an inadequacy of the  
r eac t ion  o f  t h e  electrocardiogram t o  t h e  load. Changes i n  t h e  e l ec t ro -  
cardiogram a f t e r  2-3  minutes running i n  p lace  become similar t o  those 
observed after t r a i n i n g ,  and a f t e r  t r a i n i n g  -- similar t o  those observed 
after competition. After  competition, t he  e1ectroc.ardiographic inves t iga t ion  
o f  t hese  a t h l e t e s  shows cha rac t e r . i s t i c s  of overs t ress ing  of  t h e  hea r t .  
are expressed i n  t h e  appearance of  f l a t  pos i t i ve  two-phased or negat ive 
T waves, as a r u l e  i n  t h e  I I I . l e a d ,  elongation of t h e  P-Q and.Q-T i n t e r v a l s  
and a de f l ec t ion  of t h e  e l e c t r i c a l  a x i s  of t h e  h e a r t  t o  t h e  r i g h t .  

They 

1 2 

Figure 27. Electrocardiogram of Rower I ,  21 Years O l d .  
1 ,  before compet i t ion ; '2 ,  a f t e r  competition. 

. . .. . 

A s  an example, we present  da t a  produced i n  an inves t iga t ion  of rower I ,  
2 1  years  old,  p a r t i c i p a t i n g  i n  competition while i n  the  overtrained s t a t e .  
Af te r  t he  competition he complained of acute  f a t igue ,  pounding of t h e  h e a r t ,  
and s tabbing pains  i n  t h e  l e f t  ha l f  o f  t h e  chest .  Object ively,  he appeared 
pa le ,  h i s  l i p s  were b lu i sh ,  he was b rea th l e s s  and manifested tachycardia .  

On t h e  electrocardiogram (Figure 27) at  r e s t  before  competition we note  
moderate s inus  bradycardia:  
The remaining ind ica to r s  show no p e c u l i a r i t i e s :  P-Q = 0.19 sec ,  
QRS = 0.08 sec ,  Q-T = 0.40 s e c  (norm 0.382 sec ) .  

t h e  pulse  frequency was 56 bea t s  pe r  minute. 

After  competition, i n  addi t ion  t o  a sharp increase  i n  the  pulse  /138 
fi-equency (102 bea ts  per  minute after 15 minutes rest) ,  we note  a negat ive 
T 

hea r t  t o  t he  r i g h t .  The au r i cu la r -ven t r i cu la r  conduct ivi ty  is  elongated 
(P-Q i n t e r v a l  = 0.23 sec)  . 

wave, low T1 and T2 waves and a de f l ec t ion  of  t h e  e l e c t r i c a l  ax is  of t he  3 
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These changes in the electrocardiogram are characteristic for sharply 
expressed overstress. 

Vector Cardiography' 

The vector cardiographic method has not become widely used in sports 
medicine. 
evaluation of the functional state of the tlsportstt heart. 

However, this method could be of great significance for objective 

Vector cardio- & EKG i graphy significantly 
expands the possibil- 
ities of ordinary, 
scalar electro- 
cardiography, which is 
a projection of the 
electromotive force of 
the heart on the 
so-called lead line. 
Thus, for example, in - /139 
cases when the 
resulting electromotive 
force vector is 

lead line, its projec- 
tion is a point, and is 
therefore not recorded 

cardiogram. 

EKG -y 
I 

I -  1 p$===i -Qvy L. _ _ _ -  _ _ _  -. --..-I--- + . '-v 
4 

RRS perpendicular to the 
- -- - -. - - 

Figure 28. Schematic Drawing of  Vector on the electro- 
Card i ogram Formed o f  Two E 1 ect rocard iog rams : 

the EKGx and the EKG . 
Y Methodological 

problems of vector 
cardiography. In vector cardiographic investigation, two pairs of electrodes 
are used to record the biopotentials arising in connection with the work of 
the heart as they vary with time. These potentials, after preamplification 
in the two channels of the vector electrocardiograph, are sent to the 
opposing pairs of plates in a cathode ray tube. 
figure is recorded on the face of the screen -- the vector cardiogram, 
consisting of three loops: P, T and QRS (Figure 28). These loops correspond 
to the P, T and QRS complex waves.m the electrocardiogram. 

As a result, a complex 

~~~~~ ~ ~- ~~. 

I n  as "vector electrocardiography.Ti -?%e- 
reason is that at the present time such methods as vector ballistocardio- 
graphy and vector dynamocardiography are used, so that the term vector 
electrocardiography should be used to represent the vector principle of 
analysis of the electrical manifestations of cardiac activity -- Ed. 
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Attempts t o  graphica l ly  record the  dynamics of  t he  r e s u l t i n g  e l ec t ro -  
motive force  o f  t h e  h e a r t  during the  course of t h e  card iac  cycle  i n  the  form 
of  a continuous curve have been made by Mann (1920). In  1926, he first 
recorded a vec tor  cardiogram.on a three-wire galvanometer. Schellong (1936), 
and la te r  Wilson and Johnston (1938), independently used the  cathode ray  
osci l lograph t o  record the  vec to r  cardiogram. 

During t h e  first s tage  o f  i t s  development, vec tor  cardiography was 
pr imar i ly  o f  t h e o r e t i c a l  s ign i f i cance .  A number of  systems were devised for 
loca t ion  of t h e  e lec t rodes  f o r  t h e  recording of vec tor  cardiography. These 
include the  double cube system, the.  e q u i l a t e r a l  t e t rahedron  system, t h e  cube 
system and a number of o the r s  (Wilson, Johnston, 1938; Duchosal, Sulzer ,  
1949; Burch, 1950; Grishman and Sche r l i s ,  1951; e t c . ) .  

In  t h e  Soviet  Union, t h e  method of vedtor  cardiography has become widely 
used due t o  t h e  invention by I. T. Akulinichev of  a domestic model vec tor  
cardioscope. In  1953, I .  T. Akulinichev suggested a system of precord ia l  
vec tor  cardiographic leads ,  using f i v e  poin ts  on t h e  r i b  cage: i n  the  second 
i n t e r c o s t a l  space on the  r i g h t  ( l ) ,  i n  the  l e f t  subclavian a rea  (2) ,  i n  t he  
f i f t h  i n t e r c o s t a l  space along t h e  a n t e r i o r  midaxi l lary l i n e  (3) ,  on the  r i g h t  
a t  t he  ensisternum (4) ,  a t  t h e  l e v e l  of t h e  lower angle of t he  scapula  (5) a t  
t he  spine.  However, a l l  of these  po in t s ,  except 1-3, which a r e  used i n  
Nehb's A lead, a r e  not used i n  p r a c t i c a l  electrocardiography. 
more d i f f i c u l t  t o  compare electrocardiographic  and vec to r  cardiographic da ta .  
Therefore, M. B. Tartakovskiy (1959) suggested t h a t  t h e  f i f t h  po in t  of  
I .  T. Akulinichev's system be moved t o  the  f i f t h  i n t e r c o s t a l  space along t h e  
rear midaxillary.  l i n e  (Sa), which makes it poss ib l e  t o  use t h e  following 
c l a s s i c  b ipo la r  precord ia l  l eads  of  Nehb i n  t h e  vec tor  cardiographic system: 
from poin ts  I-3-A (an te r io r ) ,  from po in t s  1-5a-D (do r sa l i s )  and from po in t s  
5a-3-1 ( i n f e r i o r ) ,  t he  diagnost ic  value of which is known i n  e lec t rocard io-  

This makes it 

graphy * 

This system of  leads i s  most acceptable f o r  spo r t s  medicine not only 
s ince  it makes it poss ib le  t o  compare vec tor  cardiograms with e l ec t ro -  
cardiograms, but  a l s o  s ince  it i s  the  Nehb lead which i s  used i n  taking 
electrocardiograms of a t h l e t e s  under load. 

The method for analys is  of t he  vec tor  cardiogram is  determined by the  
system of leads.  Vector cardiograms made according t o  t h e  systems used by 
Western authors a r e  analyzed by construct ing a three-dimensional vec tor  curve 
of  t h r e e  pro jec t ions  i n  orthogonal coordinates or by a three-dimensional 
study using a stereoscope. 
c l i n i c a l  value i s  l imited.  

These methods a r e  cumbersome, complex and t h e i r  

The methods f o r  ana lys i s  of vec to r  cardiograms described i n  the  works of 
domestic authors vary ( I .  I .  Bykov, 1958; Z. Z .  Dorofeyeva and I .  F. Igna- 
t 'yeva ,  1958; M. I. Kechker, 1960; e t c . ) .  However, i n  our  opinion, t he  most 
complete and objec t ive  method i s  the  method of  ana lys i s  suggested by 
M. B. Tartakovskiy (1959, 1962, 1964). In  comparing t h e  f i v e  vec tor  
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cardiographic leads BA1, BA2, BA3, BA4 and BA5 (B ind ica t e s  the  vec tor  

cardiogram, A t h e  Akulinichev system), t h e  r e g u l a r i t y  introduced t o  the  
I. T. Akulinichev system cons is t ing  i n  t h a t  t h e  electrocardiographic  lead on 
t h e  Y axis  (from po in t s  1-3) is  common f o r  t h e  leads  BA1, BA2 and BA3, while 

t h e  leads BA1, BA 

X axis (from po in t s  2-4) was taken i n t o  considerat ion.  I t  follows from t h i s  
t h a t  t he  differences i n  t h e  first t h r e e  vec tor  cardiograms depend on t h e  
recordings with t h e  l eads  from t h e  X axis (from po in t s  2-4, 4-5a, 2-Sa) with 
t h e i r  common Y lead (from po in t s  1-3).  
leads BA1, BA4 and BAS. 

and BA5 combine t h e  e lec t rocard iographic  lead on t h e  4 

The same can be s a i d  concerning t h e  

Analysis o f . v e c t o r  cardiograms should be performed as follows: 

1. The form of t h e  QRS loops is s tudied .  In  p lace  of  t h e  desc r ip t ive  
p r i n c i p l e  f o r  eva lua t ing  forms' ("leaf-shaped", "oval", "odd-shaped", e t c . )  
used by most authors ,  w e  d iv ide  t h i s  loop i n t o  two types depending on t h e  
number of  axes which can be drawn i n  the  loop, and whether t he  ax i s  i n t e r -  
s e c t  t he  loop, 
i n t e r s e c t  it, we call it a type I loop. If t h e  loop has two o r  t h r e e  gxes 
and they  i n t e r s e c t  t h e  loop i t s e l f ,  it i s  c a l l e d  a type I1 loop. 

If one ax i s  can be drawn i n  t h e  QRS loop, which does not 

2.  The o r i e n t a t i o n  of t he  QRS and T loops i s  determined, es tab l i shed  by 
considering t h e  quadrant and angle B between the  ax i s  of the  loop and the  
X ax i s .  Counting of  t h e  angle  is  performed from (+) on t h e  X a x i s  t o  (+) on 
the  Y ax is .  The quadrants are represented as follows: quadrant I -- between 
(+) on the  X axis and (+) on the  Y ax i s ;  quadrant I1 -- between (+) on t h e  
X axis and (-) on t h e  Y axis; quadrant I11 -- between (-) on t h e  X ax i s  and 
(-) on t h e  Y axis; quadrant I V  -- between (-) on t h e  X axis  and (+) on the  
Y ax is .  
determined by the  p o l a r i t y  of  t h e  electrocardiographic  leads attached t o  t h e  
X and Y axes. 
i s  turned i s  considered pos i t i ve ,  and the  opposi te  d i r e c t i o n  is  considered 
negat ive (Figure 29) .  

c_ /141 

The p o l a r i t y  i n  each o f  t h e  f i v e  vec tor  cardiographic leads is 

The d i r e c t i o n  toward which the  R wave of  t he  electrocardiogram 

3. The angle  between t h e  axes of  t he  QRS and T loops is  determined. 

4. The d i r e c t i o n  of recording of t h e  QRS loop i s  es tab l i shed  (from t h e  
development o f  t h e  loop).  

5. The amplitude of t h e  axes o f  t h e  T and QRS loops is  measured ( i n  
m i l l i v o l t s ) .  

6 .  Using an increased amplif icat ion l eve l ,  nonclosure of QRS and 
T loops i s  taken i n t o  considerat ion.  

7. The t o t a l  a r e a  of t he  QRS loops i s  determined, i . e . ,  t h e  a rea  of t h e  - /142 
loops i n  a l l  f i v e  leads.  
vec tor  cardiogram as a whole, s ince  the  value of a r ea  and QRS loops i n  the  

This makes it poss ib le  t o  evaluate  t h e  
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ind iv idua l  leads depends 
(I .  A. Ovsyshcher, 1962; 

on t h e  e l e c t r i c a l  pos i t i on  of t h e  h e a r t  
M. B. Tartakovskiy; 1962, 1964). 

Figure 29. Po la r i ty  and Representation of Quadrants i n  t h e  
F i v e  Leads of  t h e  Sys tem o f  Bipolar Precordial  Leads. Roman 

numerals represent quadrants.  

The vector  cardiogram of a t h l e t e s .  The l i t e r a t u r e  contains descr ip t ions  
of  norms f o r  vec to r  cardiograms of  hea l thy  persons not occupied i n  spo r t s  
(S. L. Mailyan, 1954; M. I .  Kechker and M. P.  Shurgaya, 1958; V. I. Klemenov, 
1961; V. S. Yurasov, V.  V. Bulychev and V. Ya.. Preyger, 1962; V. S. Gas i l in ,  
1963; B. K. Myakishev, 1963; e t c . ) .  However, these  norms cannot be 
completely used i n  medical t e s t i n g  f o r  a t h l e t e s ,  s ince  the  occupation with 
spo r t s  causes a number of changes d i f f e r e n t i a t i n g  t h e  hea r t  of a t h l e t e s  from 
t h e  h e a r t  of  hea l thy  persons not  occupied i n  spor t s .  The ava i l ab le  works 
dedicated t o  t h e  study of normal vec to r  cardiograms of a t h l e t e s  have been 
performed using the  cube system (V. Y a .  Preyger, 1960; V. V. Bulychev, 
V. S. Yurasov, and V. Y a .  Preyger, 1962). 

We s tudied  the  vec tor  cardiograms of a t h l e t e s  using t h e  modified 
I.  T. Akulinichev system f o r  100 hea l thy ,  well  t r a ined  a t h l e t e s  between 17 
and 34 years o f  age -- representa t ives  of t h e  p r inc ipa l  forms of s p o r t s ,  with 
high q u a l i f i c a t i o n s  (masters of  spo r t s ,  f irst  rank a t h l e t e s  68%). The 
vec to r  cardiograms were taken using t h e  VEKS-01 apparatus i n  f i v e  leads 
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(BA ) with amplif icat ion t o  20 mm pe r  1 mv, as well  as with increased l eve l  

of  appl icat ion t o  60-80 mm per  1 mv (using a c i r c u i t  designed by 
Engineer I. D. Pupko, 1962). Increasing the  s e n s i t i v i t y  of  t h e  device allows 
us t o  determine such valuable  c h a r a c t e r i s t i c s  as nonclosure of t h e  QRS and 
T loops, and t o  c l a r i f y  t h e  d i r e c t i o n  of t h e  T loops, which cannot always be 
determined with ordinary ampl i f ica t ion  and small T loop. 

1-5 

According t o  our data ,  t he  vec tor  cardiograms of a t h l e t e s  a r e  character-  
ized by the  following indica tors .  

1. The QRS loop, as i s  the  case f o r  persons not involved i n  s p o r t s ,  may 
be e i t h e r  type I or type 11. However, i n  t he  BA1. lead i n  a t h l e t e s  t h e  

I1 type loop predominates; t h i s  may be r e l a t e d  t o  the  f a c t  t h a t  i n  25% of the  
athletes uneven exc i t a t ion  of t h e  myocardium of  t h e  r i g h t  v e n t r i c l e  o r  a 
delay i n  exc i t a t ion  of t h e  r i g h t  ep iven t r i cu la r  c r e s t  i s  observed, which i s  a 
va r i an t  of t h e  norm. 

2 .  The loca t ion  of t h e  QRS and T loops shows no important d i f fe rences  
i n  t h e  system of  coordinates used. 

CI 

+ 

b 

+ 

I -. . 

oi: :: 

- -I- 

-. 

F i g u r e  30. 
Cardiograms. a ,  healthy persons not involved i n  spo r t s  

Diagram o f  Location o f  QRS and T Loops i n  Vector 

(according t o  M. B. Tartakovskiy);  b ,  Athletes 

Figure 30 shows t h e  o r i en ta t ion  of t h e  QRS and T loops schematically i n  
the  system of coordinates;  t he  loca t ions  of t h e  QRS loops a r e  shaded, and the  
T loops a re  marked with points .  A t  t h e  top (a) we. see d a t a  on the  
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or i en ta t ion  of t h e  QRS and T loops i n  t h e  vector  cardiograms of  persons not  
occupied i n  spo r t s ,  while a t  t he  bottom (b) we see  s imi l a r  d a t a  f o r  a t h l e t e s .  

vec tor  cardiograms of  nonathletes  and a t h l e t e s  do not d i f f e r  e s s e n t i a l l y .  In  
some cases the  T loops i n  t h e  BAS leads  i n  a t h l e t e s  are located i n  

quadrant 11. This should be considered a va r i an t  of  t h e  norm, s ince  t h e  
D l ead  of Nehb is  included i n  t h e  formation of t h i s  vec tor  cardiogram i n  t h e  
Y a x i s ,  which normally shows a negat ive T wave. 

/ 143 A s  w e  can see  from Figure 30, t h e  loca t ion  of  t he  QRS and T loops i n  t h e  - 

3. The d i r ec t ion  of recording of  t h e  QRS loops i n  the  vec tor  cardio- 
grams o f  a t h l e t e s  and untrained persons d i f f e r s  s l i g h t l y  from each o the r .  
The d i r e c t i o n  of  recording of t h e  QRS loops i s  of  considerable  s ign i f icance ,  
s ince  a number of  pathological  processes i n  the  h e a r t  r e s u l t  i n  changes i n  
the  movement o f  t h e  beam recording the  QRS loop. 

In  the  vec tor  cardiograms o f  a t h l e t e s ,  t he  recording of t h e  QRS loops i n  
t h e  BAz, BA3 and BA4 leads i s  similar t o  the  d i r ec t ion  of movement of t he  

beam forming t h e  QRS loops i n  t h e  vec tor  cardiograms o f  persons not  involved 
i n  spor t s :  
counterclockwise, i n  BA3 -- clockwise), while i n  BA4 the  recording of  t he  

QRS loops occurs equally i n  both d i r ec t ions .  The d i f fe rences  concern BA1 

and BAS. 

o f  t h e  ray  i n  t h e  clockwise d i r e c t i o n  t h r e e  times more f requent ly  than i n  

untrained persons. 

while for those not  involved i n  s p o r t s . i n  lead BAS recording of  t h e  QRS'loop 
occurs only counterclockwise. These d i f fe rences  a r e  a r e s u l t  of uneven 
exc i t a t ion  of t he  myocardium of t h e  r i g h t  v e n t r i c l e .  

i n  leads BAz and BA3 it i s  always mutually opposi te  ( i n  BA2 

Thus, i n  lead BA1 i n  a t h l e t e s  we see  a QRS loop with the  movement /144 

In lead BAS i n  a t h l e t e s ,  clockwise movement predominates, 

4. A s  concerns t h e  magnitude of  t he  axes of  t h e  QRS loops, t h e  
vector  cardiograms of a t h l e t e s  a r e  not homogeneous. ' 

In  almost one h a l f  of t h e  vec tor  cardiograms of  a t h l e t e s ,  t h e  axes of 
the  QRS loops a r e  g r e a t e r  than t h e  maximum values of axes of  PRS loops i n  t h e  
vec tor  cardiograms of persons not  involved i n  spo r t s .  
ax i s  of  t he  QRS and T loops i s  given considerable  s ign i f icance .  Thus, 
Z .  Z .  Dorofeyeva and I. F. Ignat 'yeva (1958) r e l a t e  a decrease i n  the  axes of 
t h e  QRS loops t o  pathological  changes o f  t h e  myocardium a r i s i n g  during t h e  
per iod of i n t e n s i f i c a t i o n  of t h e  rheumatic process ,  while M. I .  Kechker and 
Sh. I .  Shurgaya (1958) r e l a t e  an increase  i n  t h e  axes of  the  loops t o  the  
development of hypertrophy o f  t h e  myocardium. 

The magnitude o f  t h e  

A number of authors note  high R waves i n  t h e  electrocardiograms of 
a t h l e t e s  (S. P.  Letunov, 1957; L. A. Butchenko, 1958; e t c . ) ;  they explain 
t h i s  by t h e  increased tonus o f  t h e  vagus nerve or by t h e  development of 
physiological  hypertrophy and an increase  i n  t h e  electromotive fo rce  of t h e  
hea r t .  A second explanation seems more probable t o  u s ,  s ince  t h e  increase  i n  
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t h e  tonus of  t h e  vagus nerve should be accompanied by a decrease i n  t h e  
P and T waves, while t h e  T wave i n  a t h l e t e s  is  character ized by high values.  
Considering t h a t  t h e  vector  cardiogram i s  formed of two electrocardiograms, 
it might be assumed t h a t  an increase i n  t h e  axes of  t h e  QRS loops i n  a t h l e t e s  
depends on hypertrophy of t h e  myo,cardium developed i n  t h e  process of 
t r a in ing .  
v e n t r i c l e s  o f  t h e  hea r t ,  we m u s t  measure the  area of t h e  QRS loop, which 
depends not only on t h e  m a x i m u m  amplitude of  t h e  waves of t h e  e lec t rocard io-  
gram, but a l so  on t h e  time re l a t ionsh ip  of  t he  processes of exc i t a t ion  along 
t h e  X and Y axes, recorded by the  vec tor  cardiogram. 

However, i n  order  t o  solve t h e  problem of hypertrophy of t h e  

The T loop i n  15% of t h e  observations i n  a t h l e t e s  i s  increased i n .  
comparison with t h e  maximum value of t h e  T loop ax i s  i n  t h e  vector cardio- 
grams of persons no t  involved i n  spor t s .  
T loop, l i k e  high T waves i n  the.electrocardiograms of a t h l e t e s ,  can be 
explained by a reinforcement of metabolic processes i n  t h e  myocardium under 
t h e  inf luence of t r a i n i n g  (Ye. S. Troshanova, 1951; N. N.. Yakovlev, 1955). 

High values  of t he  axes of t h e  

5. The area of t he  QRS loops, defined p lan imet r ica l ly ,  was found t o  be 
g r e a t e r  i n  almost half  of t he  a t h l e t e s  s tud ied  than i n  persons not i n v d v e d  
i n  spo r t s .  

We can see from Table 8 t h a t  t h e  mean values (M) of t he  a rea  of 
QRS loops i n  vec tor  cardiograms of a t h l e t e s . a r e  a l s o  higher than i n  heal thy 
persons not  involved i n . s p o r t s .  A high value f o r  t h e  mean square deviat ion 
(?a) ind ica tes  s i g n i f i c a n t  individual  f l uc tua t ions  i n  t h e  area of  t h e  
QRS loop i n  a t h l e t e s .  
r e s u l t s  from hypertrophy of  t h e  hear t  (M. I .  Kechker, 1958; M. B. Tarta- 
kovskiy, 1960; Ye. I. Kuznetsova, 1963; e t c . ) .  

/145 - 
The increase i n  the  area of QRS loops apparently 

TABLE 8. COMPARISON OF AREA OF QRS LOOPS ( 1 6 1  cm2) ON VECTOR CARDIOGRAMS OF 
NONATHLETES AND ATHLETES (MEAN DATA ACCORDING TO M. 6 .  TARTAKOVSKIY ,  1964) 

I I I I 
I I I I 

_ _  . . . - . ._ - .. .- . . .- 

I3A 
Is’..!, 
L’il 
] :A,  

T r .  Note: Commas indica.te decimal po in ts .  
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6. Nonclosure of  QRS and T loops,  which was not  seen i n  persons not  
' involved i n  s p o r t s ,  was determined i n  13% of  t h e  a t h l e t e s .  This nonclosure 

was observed i n  two va r i an t s .  The first was charac te r ized  by the  f a c t  t h a t  
t h e  end poin t  o f  t h e  QRS loop was located i n  quadrant I ;  t h i s  corresponds on 
the  electrocardiogram t o  displacement of t he  S-T segment above the  i s o l i n e .  
This phenomenon i s  explained by a number of  authors  by an increase  i n  the  
tonus of the  vagus nerve.  

The second va r i an t  i s  charac te r ized  by loca t ion  o f  t h e  end poin t  of t h e  
QRS loop i n  quadrants I1 and 111, which corresponds on the  e l e c t r i c  cardio-  
gram t o  displacement of  S-T beneath t h e  i s o l i n e  and i s  combined with an 
increase  i n  t h e  a r e a  o f  t h e  QRS loop and, consequently, i nd ica t e s  hypertrophy 
of  t h e  myocardium. 

Thus, i n  t he  form of the  loops, and t h e i r  loca t ion  i n . t h e  coordinate 
system, the  vec tor  cardiograms of a t h l e t e s  do not d i f f e r  from the  vec tor  
cardiograms of  persons not  involved i n  spo r t s .  
d i r ec t ion  of recording of  t h e  loops i n  t h e  BA1 lead,  t he  magnitude of t he  

axes o f  t h e  QRS and T loops,  t he  a rea  of t h e  QRS loops and the  nonclosure of  
t he  QRS and T loops. 
BA lead  i n  the  clockwise d i r e c t i o n  i s  explained by the  uneven exc i t a t ion  of 

t h e  myocardium of  the  r i g h t  v e n t r i c l e ,  which may depend on the  age o f  t h e  
t e s t  subjec ts .  
a l s o  occurs, r e l a t e d  t o  t h e  development o f  myocardial hypertrophy, and the  

which apparently depends on an increase  i n  t h e  tonus of t h e  vagus nerve, 
while t h e  o the r  r e s u l t s  from development of  hypertrophy of  t h e  myocardium. 

The d i f fe rences  concern t h e  

The predominance of t he  recording of QRS loop i n  t h e  

1 

In a t h l e t e s ,  an increase  i n  the  axes and areas  of QRS loops 

/146 nonclosure of t he  QRS and T loops i s  encountered i n  two va r i an t s ,  one of  
P 

The loca t ion  of the  T loops i n  t h e  I1 quadrant i n  the  BAS lead should be 

considered a va r i an t  of t he  normal vec tor  cardiogram f o r  an a t h l e t e .  A l l  of 
t h e  vec to r  cardiogram parameters f o r  a t h l e t e s  described a re  presented i n  
Table 9. 

The vec tor  cardiograms presented below i l l u s t r a t e  what we have s t a t e d  
concerning the  normal vec to r  cardiogram of an a t h l e t e  and i t s  s p e c i f i c  
f ea tu re s .  

The vector  cardiogram o f  a g i r l  no t  involved i n  spo r t s  (Figure 31, A) 
attracts a t t e n t i o n  by t h e  small  a rea  of t h e  QRS loops ( t o t a l  a r ea  of 
QRS loops 9 cm2), while t he  QRS loops i n  a l l  leads except f o r  BAS a r e  located 

The angle between 
the  axes of t h e  QRS and T loops does not  exceed 17".  
recording i n  t h e  BA1, BA2 and BA4 leads i s  counterclockwise, i n  BA3 and 

BAS -- clockwise. 

. i n  quadrant I,  and t h e  T loops i n  quadrant I i n  a l l a l e a d s .  
The d i r ec t ion  of 
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Figure  31 A. Electrocardiogram and Vector Cardiogram 

of Nonathlete A, 21 Years Old  

Female a t h l e t e  Sh (Figure 31 B) shows an increase  i n  the  t o t a l  area of  
QRS loops t o  51.4 cm2,  which i s  a c h a r a c t e r i s t i c  of  physiological  hypertrophy 
o f  t h e  l e f t  v e n t r i c l e .  
counterclockwise, while i n  leads  BA3, BA4 and BAS recording i s  clockwise. 

The QRS loops i n  leads  BA1 and BA3 a r e  located i n  quadrant I V ,  i n  t h e  
remaining leads -- i n  quadrant I .  

located i n  quadrant I .  
does not exceed 20". 

The d i r e c t i o n  of recording i n  leads BA1, BA2 i s  

The T loop i n  a l l  leads (except BA3) i s  

The angle between t h e  axes o f  the  loops QRS and T 

Changes i n  vector  cardiogram w i t h  physical loading. Considering t h e  
g rea t  s ign i f i cance  o f  determination of t h e  func t iona l  s t a t e  of t he  h e a r t  i n  
s p o r t s  medicine, we inves t iga ted  change.s i n  t h e  vectorcardiograms of 
60 a t h l e t e s  under t h e  inf luence  of  muscular work. 
were performed before  and a f t e r  two minutes running i n  p lace  a t  180 s t e p s  per 
minute. 
recorded i n  lead  BA1, a t  two minutes -- i n  leads BA2 and BA3, a t  t h r e e  
minutes -- i n  leads BA4 and BAS. 

vec tor  cardiogram were recorded. 
15 a t h l e t e s  after t r a i n i n g  f o r  t e n  minutes of t h e  recovery per iod.  

The inves t iga t ions  were 

A t  one minute i n t o  the  recovery per iod,  the  vec tor  cardiogram'was 

/148 - 

A t  four  and f i v e  minutes, a l l  leads  of t h e  
Also , .vec tor  cardiograms were taken f o r  
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In  order  t o  
determine t h e  depend- 
ence o f  the  

t h e  hea r t  o f  a t h l e t e s  
on var ious t rends i n  
t h e  t r a i n i n g  process 
and t h e  degree of 
t r a i n i n g ,  w e  
d i s t i ngu i sh  th ree  
groups among the  t e s t  
sub jec t s .  The first 
group consis ted of 
highly t r a ined  masters 
of spo r t s  i n  canoeing 
and kayak, members 
of t he  Olympic team of 
t h e  USSR, t h e  t r a i n i n g  
process f o r  which 
cons i s  t ed predomin- 
an t ly  of  t r a i n i n g  f o r  
endurance. This group 
of a t h l e t e s ,  which 

F i g u r e  31 B. Electrocardiogram and Vector showed high funct ional  - /149 
Cardiogram o f  A t h l e t e  M ,  30 Years O l d  capaci ty  o f  t he  myo- 
(Honored Master o f  Sports i n  Canoeing) cardium, was compared 

on t h e  one hand with a 
group o f  l e s s  t r a ined  

a t h l e t e s  (I11 rank and novices),  a l s o  t r a ined  f o r  endurance, and on t h e  o the r  
hand with a group of a t h l e t e s  with i n s u f f i c i e n t  general  physical  preparat ion,  
t h e  t r a i n i n g  o f  which concentrated on high forces  (boxing, weight l i f t i n g ) .  

ayfi ai% av . I li lg IYq!6? 

B v4 “5 V6 func t iona l  s t a t e  o f  

In  t h e  highly t r a ined  a t h l e t e s  with good func t iona l  capaci ty  of t he  
hea r t ,  t he  vector  cardiograms showed only i n s i g n i f i c a n t  changes, cons is t ing  
of  displacement of  t h e  axes of t h e  QRS and T loops t o  the  r i g h t  or l e f t  of  
t he  Y ax is  with a change i n  t h e  angle between them, s l i g h t  f l uc tua t ions  i n  
t h e  amplitudes of  t he  T loops (+2-3 mm) a f t e r  two minutes running. The 
i n i t i a l  p i c t u r e  was returned i n  the  four th  o r  f i f t h  minute. This i s  
i l l u s t r a t e d  by t h e  curve o f  honored master of s p o r t s  f o r  canoeing M, 23 years  
of  age (Figure 32). 

/150 In  a t h l e t e s  of  t h e  two o ther  groups, more s i g n i f i c a n t  changes i n  the  - 
parameters of  t h e  vec tor  cardiograms were observed: 
movement o f  t h e  axes o f  t h e  QRS and T loops with increasing angle  between 
them up t o  34’, considerable (up t o  k13 mm) changes i n  the  magnitude of the  
T loop, changes i n  the  form of t h e  QRS loop; a s l i g h t  increase  i n  the  
recovery time f o r  t he  parameters of  t he  vector  cardiograms i n  comparison with 
the  i n i t i a l  data .  
of t he  s a t i s f a c t o r y  func t iona l  capaci ty  o f  the  myocardium. 

var iously d i r ec t ed  

These changes i n  the  vec tor  cardiograms a r e  a r e f l e c t i o n  
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Figure 32. 
Master of Sports f o r  Canoeing M, 23 Years O l d .  a ,  a t  r e s t ;  

Electrocardiogram and Vector Cardiogram of Honored 

b, a f t e r ' 2  m i n  running i n  p lace 

With unsa t i s f ac to ry  func t iona l  capaci ty  of t h e  myocardium, even g rea t e r  
changes a r e  seen on t h e  vec tor  cardiogram a f t e r  two minutes running. 
T and QRS loops a r e  displaced i n t o  quadrants where they a r e  not found on a 
normal vector  cardiogram. 
cardiogram of foo tba l l  p layer  K (Figure 3 3 ) .  

The 

An example i s  t h e  electrocardiogram and vec to r  

The changes i n  t h e  vector  cardiogram observed a f t e r  t r a i n i n g  sessions 
/151 - (displacement of T loop t o  t h e  r i g h t ,  varying d i r e c t i o n  of axes of QRS loops 

and T loop and increase  i n  angle between them, s i g n i f i c a n t  change i n  magni- 
tude of T loops, nonclosure of QRS and T loops, delay i n  recovery) a r e  a 
r e s u l t  of c l e a r  physiological  f a t igue .  

Vector cardiographic inves t iga t ion  performed a f t e r  laboratory or 
t r a i n i n g  loads allows an evaluat ion t o  be given t o  t h e  funct ional  capaci ty  of 
the  hea r t ,  and i n  some cases allows pathological  changes ( insuff ic iency of 
coronary blood supply) which cannot be determined by electrocardiograms t o  be 
found . 

Vector cardiogram and hypotrophy of t h e  myocardium i n  a t h l e t e s .  
Considering t h e  p o s s i b i l i t y  o f  vec tor  cardiography i n  t h e  recogni t ion and 
evaluat ion of hypertrophy of  t h e  myocardium, w e  s tud ied  t h e  vec tor  cardio- 
graphic c h a r a c t e r i s t i c s  of  hypertrophy of t h e  l e f t  v e n t r i c l e  i n  80 a t h l e t e s  
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and 20 p a t i e n t s  suf fe r ing  from hypertension and a o r t a l  h e a r t  defec ts  i n  
d e t a i l .  

F igu re  33 .  
A t h l e t e  K ,  18 Years O l d ,  I Class Football Player.  a ,  a t  
r e s t ;  b ,  a f t e r  2 m i n  run. T h e  vector  cardiogram a f t e r  t h e  
load shows a sharp increase i n  t h e  T loop (by 20 mm) and t h e  
terminal port ion o f  t h e  QRS loop, which causes t h e  appear- 
ance of a second a x i s ,  which becomes t h e  main ax is  of t h e  
QRS loop and is  s h i f t e d  in to  quadrant 1 1 1 ;  t h e  QRS and 
T loops show nonclosure. 

Electrocardiogram and Vector Cardiogram of 

Recovery occurred a f t e r  8 m i n .  

Myocardial hypertrophy i n  the  a t h l e t e s  was e s t ab l i shed  on the  b a s i s  of 
e lectrocardiographic  c r i t e r i a .  In  75 of them, t h e  following c h a r a c t e r i s t i c s  
of  hypertrophy of t he  l e f t  v e n t r i c l e  were noted: 
aVF lead i n  44%), high R wave (> 26 mm i n  lead V5 i n  60%),  counterclockwise 

r o t a t i o n  about longi tudina l  ax i s  ( i n  40%), increase  i n  time of  l oca l  e l ec t ro -  
nega t iv i ty  i n  l e f t  p record ia l  leads (0.05-0.07 sec i n  64%), increase i n  
amplitude of  R wave (up t o  8 nun) i n  V4 lead i n  comparison t o  V3 lead ( i n  

92%), index Svl + RV5 > 35 mm ( i n  93%). 

t he  most convincing c h a r a c t e r i s t i c s  of physiological  hypertrophy of t h e  l e f t  

v e n t r i c l e  a r e  the  increase  i n  the  amplitude of t he  R wave i n  the  V4 lead i n  

i n  comparison with the  V3 lead i n  combination with elongation of  t h e  time o f  
l oca l  e l ec t ronega t iv i ty ,  as well  as t h e  Svl + RV 

high R wave (> 19 mm i n  

According t o  the  l i t e r a t u r e  data ,  

index > 35 mm. 5 
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In f i v e  a t h l e t e s ,  c h a r a c t e r i s t i c s  o f  pathological hypertrophy o f  t h e  
lef t  v e n t r i c l e  were detected: 
negative or decreased T waves i n  t h e  l e f t  precordial  leads and displacement 
of  t he  S-T segment beneath t h e  i s o l i n e .  
cardiogram showed various s tages  o f  development of hypertrophy of t h e  l e f t  
ven t r i c l e ,  according t o  t h e  c r i t e r i a  described i n  the  l i t e r a t u r e  (M. B .  T a r -  
takovskiy, 1960; M. I .  Kechker, 1960). 

a drop i n  the  T wave i n  t h e  I1 lead ,  uneven 

I n  a l l  t h e  p a t i e n t s ,  t h e  vec to r  

Comparing t h e  vector cardiograms of p a t i e n t s  with hypertrophy of t h e  
l e f t  v e n t r i c l e  and a t h l e t e s ,  w e  found t h a t  i n  both groups the re  was an 
increase i n  t h e  summary area o f  t he  QRS loops. 
QRS loops i n  t h e  vector  cardiograms o f  a t h l e t e s  with hypertrophy of t h e  lef t  
v e n t r i c l e  was 37.5 cm2, while t h e  p a t i e n t s  showed 37.6 cm2.  A l s o ,  t h e  mean 
values o f  summary area of QRS loops i n  heal thy persons not  involved i n  
s p o r t s ,  as w e l l  as a t h l e t e s  without e s s e n t i a l  hypertrophy of  t h e  myocardium 
d i f f e r  considerably from t h e  mean values o f  t h e  summary area o f  QRS loops i n  
the  vector  cardiograms o f  a t h l e t e s  with hypertrophy of t he  l e f t  v e n t r i c l e .  
They are considerably less, 19.6 and 26.3 cm2 respect ively.  

Thus, t h e  summary area of t h e  

The summary area o f  QRS loops was g r e a t e r  i n  a t h l e t e s  i n  those types of 
spo r t s  i n  which endurance loads predominate, and r e l a t i v e l y  less i n  those 
types o f  spo r t s  i n  which these loads a r e  less. Thus., i n  a group o f  sk ie rs  /152 
the  summary area o f  QRS .loops averaged 32.5 cm2, while rowers showed 
27.8 cm2, middle- and long-distance runners -- 25.6 cm2 and weight 
l i f te rs  -- 15 cm2, gymnasts -- 14.7 cm2 ( t he  d i f f e rence  between these  mean 
values is  s t a t i s t i c a l l y  r e l i a b l e ) .  

Analyzing t h e  vec to r  cardiograms o f  a t h l e t e s  with hypertrophy o f  t h e  
l e f t  ven t r i c l e ,  w e  noted t h a t  t h r e e  of t h e  fou r  s tages  of  hypertrophy of t h e  
l e f t  v e n t r i c l e  dis t inguished i n  c l i n i c a l  p r a c t i c e  were observed i n  these 
persons. 

In  t h e  a t h l e t e s ,  hypertrophy o f  s t age  I predominated (82.5%) and hyper- 
trophy of s t age  I V  was completely absent,  r e f l e c t i n g  t h e  s c l e r o t i c  and 
dystrophic processes i n  t h e  myocardium. In  11.2% of the  a t h l e t e s ,  
hypertrophy o f  s t age  I1 was noted, while 6.3% showed signs o f  t h e  I11 s t age  
of development o f  hypertrophy of t h e  l e f t ' v e n t r i c l e .  

Comparison o f  e lectrocardiographic  and vector cardiographic da t a  showed 
t h a t  of 75 a t h l e t e s  with ind ica t ions  of hypertrophy o f  t h e  l e f t  v e n t r i c l e  on 
t h e  basis o f  electrocardiographic.data,  66 showed s t a g e  I on t h e  basis of 
vector  cardiographic da t a ,  while nine showed s t age  I1 o f  hypertrophy o f  t h e  
l e f t  v e n t r i c l e .  Consequently, i n  nine a t h l e t e s  (11.2%) t h e  vector  cardiogram 
showed the  i n i t i a l  phenomena of disrupt ion of processes of  r epo la r i za t ion  
(noficlosure of QRS and T loops) not  shown on t h e  electrocardiogram. 

O f  t h e  s tages  o f  hypertrophy of t h e  l e f t  v e n t r i c l e  discovered i n  t h e  
a t h l e t e s  only i n  s t age  I ( increase i n  t h e  axes and areas o f  QRS loops, 
displacement o f  QRS loops from quadrant I t o  quadrant I V )  is disrupt ion of 
of t h e  process of r epo la r i za t ion  absent,  allowing it t o  be looked upon as 
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physiological .  Stage 111, i n  which d i s rup t ion  of processes  of  r epo la r i za t ion  
a r e  c l e a r l y  shown (s tages  I and I1 include displacement of t h e  T loops i n  t h e  
coordinate system and nonclosure of QRS and T loops) ,  r e f l e c t s  pathological  
hypertrophy of t h e  l e f t  v e n t r i c l e .  Stage 11, i n  which the  i n i t i a l  i nd ica to r s  
of d i s rupt ion  of r epo la r i za t ion  appear ( i n  addi t ion  t o  changes of  s t age  I ,  
nonclosure of QRS and T loops i s  observed), apparently should be looked upon 
as a t r a n s i t i o n  s t age  between physiological  and pathological  hypertrophy. 

Using vec tor  cardiographic  c r i t e r i a  for hypertrophy of t he  myocardium o f  
t h e  l e f t  v e n t r i c l e ,  w e  can diagnose hypertrophy even when it cannot be seen 
on an ordinary electrocardiogram. 

A s  an example o f . t h e  d iagnos t ic  value of vec tor  cardiography i n  the  
diagnosis  of  hypertrophy of t he  l e f t  v e n t r i c l e ,  we present  an e lec t rocard io-  
gram and vec tor  cardiogram of a t h l e t e  M, 23 years  o ld ,  long-distance runner 
I c l a s s .  The electrocardiogram shows no c h a r a c t e r i s t i c s  of myocardial 
hypertrophy, while t he  vec tor  cardiogram shows f irst  s t age  hypertrophy o f  t h e  
l e f t  v e n t r i c l e  ( the  summary area  of t h e  QRS loops = 43.3 cm2), t he  QRS loops 
i n  a l l  leads except BA2 are located i n  quadrant IV, t h e  T loop i s  def lec ted  

i n  leads BA1 t o  t h e  r i g h t  of  t h e  Y a x i s  (Figure 34).  

165 a t h l e t e s  (55%), i nd ica t ions  of physiological  hypertrophy were present .  
The hypertrophies most f requent ly  developed i n  those forms of spo r t s  i n  which 
t r a i n i n g  f o r  endurance*predominates. Thus, i n  rowers, hypertrophy of t h e  
l e f t  v e n t r i c l e  was de tec ted  i n  70% o f  t h e  t e s t  sub jec t s ,  i n  middle- and 
long-distance runners -- i n  70%, i n  boxers -- i n  30.7%, i n  gymnasts -- i n  
26.6%. 

r 

/153 Analyzing t h e  vec tor  cardiograms of 300 a t h l e t e s ,  we found t h a t  i n  - 

Vector cardiography i n  evaluation of p a r t i a l  b l o c k  o f  r igh t  -branch of 
b u n d l e  of His i n  a t h l e t e s ,  
electrocardiogram of a t h l e t e s  i s  t h e  so-ca l led  p a r t i a l  block of  t h e  r i g h t  
branch of t he  bundle of H i s ,  appearing i n  the  r i g h t  precord ia l  leads (V 

as the  followinf c h a r a c t e r i s t i c s :  
nega t iv i ty  i n  R 
conductivity not  over 0.12 sec .  
a t h l e t e s  according t o  t h e  da t a  of Rasch e t  a l .  (1958) and i n  10.5% according 
t o  the  da ta  of L. A. Butchenko (1960). 

One frequent ly  encountered s p e c i f i c  of t he  

1' v2) 
addi t iona l  durat ion of  l oca l  e l ec t ro -  

These changes a r e  observed i n  1 2 %  of  t h e  
or r1 wave of 0.05-0.08 sec,  durat ion of i n t r aven t r i cu la r  

- /154 

The same changes i n  t h e  electrocardiogram were detected by c e r t a i n  
authors i n  heal thy persons not  involved i n  spo r t s  (Holzmann, 1937; 
Freundlich, Lepeschkin, 1939; Sokolow, Friedlander ,  1949; e t c . ) .  

However, p a r t i a l  block of t h e  r i g h t  branch of t he  bundle of H i s  may a l s o  
be a manifestat ion o f  a number of  pathological  processes : 
foca l  myocardit is ,  myocardial i n f a r c t ,  pulmonary a r t e r y  embolism, hypertrophy 
of t h e  r i g h t  v e n t r i c l e ,  etc. 
concerning the  i n t e r p r e t a t i o n  of ind ica t ions  of p a r t i a l  block of t h e  r i g h t  
branch of t h e  bundle of H i s  i n  hea l thy  persons.  

ca rd iosc l e ros i s ,  

There a r e  two d i f f e r e n t  po in t s  of view 

Some authors acknowledge the  
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p o s s i b i l i t y  of p a r t i a l  block of t h e  r i g h t  branch of the  bundle of  H i s ,  i . e .  
d i s rupt ion  o f  conduct ivi ty  through t h e  r i g h t  branch of t he  bundle o f  H i s  i n  
hea l thy  persons, and evaluate  t h i s  as a va r i an t  of t h e  norm (Wilson, Rosen- 
baum, Johnston, 1947; P l a s  e t  a l . ,  1957; Zuckerman, 1937; e t c . ) .  

Figure 34. 
M, 23 Years O l d  (Long-Distance .Runner). Dotted l i nes  show 

Electrocardiogram and Vector Cardiogram of Athle te  

vector cardiogram taken upon inhalat ion.  

Other authors do not explain the  appearance on the  electrocardiogram o f  
t he  addi t iona l  R1 wave as a block of t he  r i g h t  branch of t he  bundle of H i s ,  
bu t  r a t h e r  i nd ica t e  a s p e c i a l  type of  exc i t a t ion  of t h e  myocardium, caused by 
the  anatomic s t r u c t u r e  of t he  r i g h t  v e n t r i c l e ,  l a t e r  exc i t a t ion  of t h e  out- 
flow paths  o f  t he  r i g h t  v e n t r i c l e  (conus a r t e r i o s u s  or conus pulmonalis) .  

Kossman e t  a l .  (1950), Lenegre (1953) and o ther  authors ,  using d i r e c t  
leads from t h e  ep ica rd ia l  surface of t he  r i g h t  v e n t r i c l e  a t tached during 
operat ions,  have found t h a t  over a small s ec to r  i n  t h e  a r e a  o f  t h e  ep i -  
ven t r i cu la r  c r e s t ,  a t yp ica l  form o f t h e  complex r s R '  or rsr' for block o f  
t h e  r i g h t  branch is  recorded. 
r e l a t e d  by these  authors t o  a delay in. exc i t a t ion  of  the  r i g h t  ep iven t r i cu la r  
c r e s t ,  which i s  observed i n  ch i ldren  and young persons more f requent ly  than 
i n  persons o f  middle or advanced age. 

The appearance o f  an addi t iona l  R '  wave i s  
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Dif fe ren t i a l  evaluat ion of t hese  e lec t rocard iographic  changes, which a r e  
d i f f e r e n t  i n  e t io logy  but  similar i n  form by t h e  method of  e lec t rocard io-  
graphy, i s  not considered convincing by many authors ,  s ince  it i s  based on 
measurement of  t h e  time of  l o c a l  e l ec t ronega t iv i ty ,  which shows grea t  
individual  f l uc tua t ions .  

With the  development of  vector  cardiography, due t o  t h e  p o s s i b i l i t y  of 
comparing two e lec t rocard iographic  leads ,  t h e  p o s s i b i l i t y  appeared f o r  deeper 
ana lys i s  of d i s rupt ions  i n  conduct ivi ty .  A delay i n  one electrocardiographic  
lead r e l a t i v e  t o  another as a r e s u l t  of d i s rup t ion  of conduct ivi ty  through 
t h e  r i g h t  branch o f  t h e  bundle of H i s  i n  case o f  a p a r t i a l  block caused by 
any pathological  process leads t o  considerable  changes i n  the  vec to r  
cardiogram. The vec tor  cardiogram takes  on a form d i f f e r i n g  completely from 
a p a r t i a l  block of  t h e  r i g h t  branch o f  t h e  bundle of  H i s  (Figure 35) i n  case 
of a delay i n  e x c i t a t i o n  of  t h e  r i g h t  ep iven t r i cu la r  c r e s t  (M. B.  Tartakov- 
sk iy ,  1959). 

/155 - 

Considering t h e  v a r i e t y  of f ac to r s  causing t h e  electrocardiographic  
p i c t u r e  of  a p a r t i a l  block of t h e  r i g h t  branch of t h e  bundle of  H i s ,  and the  
p o s s i b i l i t y  o f  vec tor  Cardiography t o  d i f f e r e n t i a t e  between these  changes, we 
performed vector  cardiographic  ana lys i s  of  t h e  c h a r a c t e r i s t i c s  of  p a r t i a l  
block o f  t h e  r i g h t  branch of  t he  bundle of  H i s  revealed on the  e l ec t ro -  
cardiograms of  a t h l e t e s .  We found 35 such a t h l e t e s  from 300, i . e .  1 2 % .  
C l in i ca l  examination of these  a t h l e t e s  showed no devia t ions  i n  the  s t a t e  o f  
hea l th .  
a d is rupt ion  i n  conduct ivi ty  through the  r i g h t  branch o f  t he  bundle of H i s ,  
i . e . ,  t r u e  block of t he  r i g h t  branch, which shows a c l e a r  vec tor  cardio- 
graphic p i c t u r e  d i f f e r i n g  from t h a t  of uneven e x c i t a t i o n  of t he  myocardium of 
t h e  r i g h t  v e n t r i c l e  o r  delay i n  exc i t a t ion  of t h e  r i g h t  ep iven t r i cu la r  c r e s t  
(see Figure 35, b, c)  . 

In none of  these  persons d i d  vec to r  cardiographic  inves t iga t ion  show 

We found four  v a r i a n t s  of  forms of  QRS loops r e s u l t i n g  from delayed 
exc i t a t ion  of  the  r i g h t  ep iven t r i cu la r  c r e s t  (see Figure 3 5 ,  c ) .  

Vector cardiographic inves t iga t ion  of t he  35 a t h l e t e s  whose e l ec t ro -  
cardiograms showed indica t ions  of a p a r t i a l  block o f  t he  r i g h t  branch of  t h e  
bundle of H i s  allowed us t o  d iv ide  a l l  those  inves t iga ted  i n t o  t h r e e  groups: 

1) 18 a t h l e t e s  showed c h a r a c t e r i s t i c s  of delayed exc i t a t ion  of  t he  /156 - 
r i g h t  ep iven t r i cu la r  c r e s t ;  an example is  t h e  vec tor  cardiogram of a t h l e t e  B,  
19 years  old,  boxer I class (Figure 36, a ) ;  

2) i n  15 a t h l e t e s ,  t h e  delay i n  r i g h t  ep iven t r i cu la r  c r e s t  exc i t a t ion  
was combined with ind ica t ions  of  hypertrophy of t h e  l e f t  v e n t r i c l e ,  which i s  
i l l u s t r a t e d  by t h e  vec tor  cardiogram of a t h l e t e  Zh, 17 years  o ld ,  a s k i e r  
I1 c l a s s  (Figure 36, b ) ;  

3) f o r  only t h r e e  a t h l e t e s  were t h e  electrocardiographic  ind ica tors  of  
p a r t i a l  block of t he  r i g h t  branch of t he  bundle o f  H i s  evaluated according t o  
t h e  vec tor  cardiogram as a manifestat ion o f  t he  i n i t i a l  c h a r a c t e r i s t i c s  of 
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Figure 35. Vector Cardiogram i n  Lead 
B A l .  a ,  w i t h  normal course o f  exci ta -  
t i on ;  b ,  w i t h  p a r t i a l  block o f  r igh t  
branch o f  bundle o f  H i s ;  c ,  w i t h  
delayed exc i t a t ion  of r igh t  ep ivent r ic -  
u l a r  c r e s t .  

hypertrophy of t h e  r i g h t  
v e n t r i c l e  (displacement of 
t he  QRS loop i n  t h e  BA3 lead 

i n t o  quadrant I and a change 
i n  the  d i r ec t ion  of 
recording of t h e  QRS loop 
counterclockwise, o r i en ta -  
t i o n  of  T loops i n  t h e  
I V  quadrant i n  a l l  leads ,  
except f o r  EA2 (Figure 3 6 ,  
c)  * 

The usage of phase 
ana lys i s  of vec tor  cardio-  
grams o f  300 a t h l e t e s  
revealed t h a t  35.7% 
manifested a delay i n  
exc i t a t ion  of  t he  r i g h t  
ep iven t r i cu la r  c r e s t ,  which 
is usua l ly  in t e rp re t ed  as a 
p a r t i a l  block of t he  r i g h t  
branch of the  bundle of  H i s  
i n  a t h l e t e s ,  and i s  revealed 
e lec t rocard iographica l ly  i n  
12%.  

/157 - 

Considering t h e  l i t e r a t u r e  da t a  on t h e  dependence of c h a r a c t e r i s t i c s  of 
p a r t i a l  block of t he  r i g h t  branch of  t h e  bundle of  H i s  on the  type of s p o r t s  
(Slap&, 1957; Wolf, 1957; e t c . ) ,  a s  well  as our own da ta  on the  p rec i se  
d i s t r i b u t i o n  of  delayed exc i t a t ion  of t he  r i g h t  ep iven t r i cu la r  c r e s t  
according t o  the  type of  spo r t ,  we assume t h a t  f u r t h e r  i nves t iga t ions  a r e  
necessary i n  t h e  d i r e c t i o n  of  d i f f e r e n t i a l  diagnosis  with the  i n i t i a l  s tages  
of  hypertrophy of t h e  r i g h t  v e n t r i c l e .  

The vector cardiogram i n  t h e  evaluat ion o f  changes i n  t h e  T wave and t h e  
S-T in te rva l  i n  a t h l e t e s .  In  the  last  4-5 years ,  cases of changes of t h e  
f i n a l  por t ion  of the  v e n t r i c u l a r  complex of  t h e  electrocardiogram i n  a t h l e t e s  
have become more frequent .  
Medical-Physical Cul ture  Dispensary, i n  1.5% of the  electrocardiograms of 
a t h l e t e s ,  genera l ly  as a chance f inding,  changes i n  the  .end por t ion  of  t he  
ven t r i cu la r  complex a r e  noted which might be  in t e rp re t ed  as d i s rup t ion  of  
coronary blood supply t o  some por t ion  of  .the h e a r t .  
f l a t t e n i n g  or inversion of t h e  T wave i n  the  standard and precord ia l  leads,  
and displacement of  t h e  S-T segment beneath the  i s o l i n e .  

Thus, according t o  t h e  da t a  of  t h e  Leningrad 

These changes cons i s t  of  

These changes i n  the  end por t ion  of t he  ven t r i cu la r  complex of t h e  
electrocardiogram i n  t h e  l e f t  p record ia l  leads a r e  observed i n  p a t i e n t s  with 
var ious pathological  processes such, f o r  example, as pathological  hypertrophy 
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of  t h e  myocardium of 
t h e  l e f t  v e n t r i c l e ,  

BA2 8 4  BAS over s t r e s s  of t h e  
myocardium as a 
r e s u l t  of a sharp 
increase  i n  a r t e r i a l  
p ressure  i n  acute  
n e p h r i t i s  and hyper- 
tens ion  (Goldberger, 
1951). 

6 A  

a 

S imi la r  changes 
i n  the  e l ec t ro -  
cardiogram i n  t h e  
r i g h t  precord ia l  
l eads  may be caused 
by ove r s t r e s s  of  t h e  
muscles o f t h e  r i g h t  
v e n t r i c l e ,  a r i s i n g  
upon sharp increase  
i n  the  pressure  "in 
t h e  r e sp i r a to ry  
c i r c u l a t i o n  ( f o r  
example i n  case of  
pulmonary a r t e r y  
embolism). S c l e r o t i c  

b 

- 

C 

Figure 36. Vector Cardiograms o f  Three changes i n  t h e  
Athletes. a ,  B y  19 years o ld ,  c l a s s  I boxer; myocardium, as well 
b ,  Ah,  19 years o l d ,  c l a s s  I I  s k i e r ;  c ,  K ,  as d is rupt ions  i n  
20 years o ld ,  c l a s s  1 ,  academic rowing. coronary blood flow , 

may be seen on t h e  
electrocardiogram i n  

the  form of t h e  changes i n  t h e  end por t ion  of  t h e  v e n t r i c u l a r  complex 
described above. 

Considering the  p o s s i b i l i t i e s  of vector  cardiography i n  t h e  diagnosis of 
t h e  d iseases  described above, causing similar changes i n  t h e  e lec t rocard io-  
gram, we performed vec to r  cardiographic inves t iga t ion  of  60 a t h l e t e s  f o r  t h e  
purpose of d i f f e r e n t i a l  evaluat ion of these  changes i n  t h e  end por t ion  of t h e  
v e n t r i c u l a r  complex. 
spo r t s  s p e c i a l t i e s  and r a t ings .  

These were a c t i v e  a t h l e t e s  of young age with var ious 

I t  was found t h a t  i n  15 persons showing these  changes i n  the  r i g h t  
precord ia l  leads,  t h e  vec tor  cardiogram showed no e s s e n t i a l  deviat ions from 
the  norm; only a ' s l i g h t  reduct ion i n  the  amplitude of t h e  T loop was noted 
(within the  l i m i t s  of t h e  norm) i n  t h e  BA4 lead.  

amplitude of t h e  T loop was increased,  and t h e  changes i n '  t h e  e lec t rocard io-  
gram normalized. This proves t h e  dependence of  these  changes i n  the  T waves 

- /158 
Upon inha la t ion ,  t he  
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i n  t h e  VI-V3 leads on the  pos i t i on  o f  t h e  h e a r t  i n  t h e  r i b  cage; conse- 

quently,  they a r e  va r i an t s  of t h e  norm. 

Figure 37. Electro-  and Vector Cardiograms o f  Athlete  
V ,  22 Years O l d  

In f i v e  a t h l e t e s ,  t h e  changes i n  the  end por t ion  of t h e  ven t r i cu la r  
complex i n  the  l e f t  p record ia l  leads r e su l t ed  from pathological  hypertrophy 
of t h e  l e f t  v e n t r i c l e ,  s ince  they showed s t age  I11 of  development of hyper- 
trophy of t h e  l e f t  v e n t r i c l e  ( increase i n  summary a rea  of QRS loops,  
nonclosure of QRS and T loops, with end poin t  of QRS loop located i n  
quadrants I1 and I11 with displacement of T loop i n t o  t h e  same quadrants).  
In  f i v e  a t h l e t e s ,  t he  changes i n  t h e  electrocardiogram were found t o  be 
manifestat ions of myocardit ic ca rd iosc l e ros i s ,  p r i n c i p a l l y  of  rheumatic 
e t io logy .  The vec tor  cardiograms of t hese  a t h l e t e s ,  i n  add i t ion  t o  
displacement of t h e  T loops i n  the  coordinate system (which is  a manifest- 
t i o n  of  d i s rupt ions  of  t he  processes o f  r epo la r i za t ioh )  also showed t h e  
i n t r a v e n t r i c u l a r  blockage syndrome, which is  a valuable  ‘ c r i t e r i o n  i n  the  
diagnosis  o f  ca rd iosc l e ros i s .  

/159 

Seven a t h l e t e s  showed i n s u f f i c i e n t  coronary blood supply.. These 
a t h l e t e s  complained of  stabbing or c o n s t r i c t i v e  pa ins  i n  the  a r e a  of t he  
h e a r t  r e s u l t i n g  from over t ra in ing  o r  i n t ens ive  loads i n  combination with 

. 
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dis rupt ion  of t h e  rest regime, in tens ive  study, t r a i n i n g  or p a r t i c i p a t i o n  i n  
competition during or af ter  s ickness .  
a t h l e t e s  ,showed c h a r a c t e r i s t i c s  of  i n s u f f i c i e n t  coronary blood supply i n  the  
a rea  of  t he  apex cord is  -- t h e  T loop was displaced i n t o  quadrant I1 o r  111 
i n  t h e  BA4 lead,  one a t h l e t e  showed only a reduction i n  the  T wave i n  t h e  

aVF lead  on the  electrocardiogram, while t h e  c l i n i c a l  p i c t u r e  was character-  . 

i s t i c  f o r  coronary insuf f ic iency .  
contained ind ica t ions  of d e f i c i e n t  coronary blood supply only i n  t h e  a r e a  of 
t h e  r e a r  wall, while t h e  vec to r  cardiogram showed def ic iency o f  coronary 
blood supply on the  f r o n t  l e f t  w a l l  of  t h e  l e f t  v e n t r i c l e  as wel l .  In  
t h r e e  a t h l e t e s  i n  t h i s  group, t h e  vec tor  cardiogram showed coronary 
insuf f ic iency  i n  the  form of nonclosure of t h e  QRS and T loops and t h e  
loca t ion  of t h e  end po in t  of t h e  QRS loop i n  quadrants I1 and 111. 

The vec tor  cardiograms of fou r  

The electrocardiogram of  another a t h l e t e  

/160 

In 25 a t h l e t e s ,  t hese  changes i n  the  electrocardiogram were evaluated as 
a manifestat ion o f  dys t rophic  changes as a r e s u l t  of  overs t ress  of the  l e f t  
v e n t r i c l e ,  a r i s i n g  as a r e s u l t  of  i nco r rec t  o r  i n e f f i c i e n t  t r a in ing  without 
any organic changes i n  the  hea r t  muscle and coronary vesse l s .  
de tec t ion  of t hese  changes and cessa t ion  of  . t r a i n i n g  causes t h e  e l ec t ro -  
cardiogram and vec to r  cardiogram t o  normalize. In  many cases ,  normalization 
does not occur. 
r e s u l t i n g  from ove r s t r e s s  o f  t h e  l e f t  v e n t r i c l e  a re  e i t h e r  d i s rup t ion  of  t h e  
e l e c t r o l y t i c  equilibrium (hypopotassemia), or a d is rupt ion  of  t h e  
r e l a t ionsh ip  between neurohormones of the  sympathetic and parasympathetic 
nervous system, predominance of sympathetic catecholamines, or S e l i e r  
cardiopathy (ESCN) (see Chapter XII I ) .  However, f i n a l  so lu t ion  of t h e  
problem of  t h e  reasons f o r  t hese  changes requi res  f u r t h e r  inves t iga t ion .  

Timely 

The suggested reasons for dystrophy of t h e  myocardium 

The e l ec t ro -  and vec to r  cardiograms o f  two a t h l e t e s  presented below 
i l l u s t r a t e  t h e  c a p a b i l i t i e s  of vec to r  cardiographic inves t iga t ion  i n  
d i f f e r e n t i a l  evaluat ion of  changes of  t he  end po r t ion  o f  t he  ven t r i cu la r  
complex of t h e  electrocardiogram. 

Ath le te  V, 22 years  o ld ,  is  a c l a s s  I s k i e r  (Figure 3 7 ) .  The e l ec t ro -  
cardiogram ind ica t e s  changes i n  t h e  a rea  of t h e  p o s t e r i o r  l a t e r a l  wall of t h e  
l e f t  ven t r i c l e :  negat ive T wave i n  11, 111, aVF and l e f t  precordial  l eads ,  
while form of  T waves ind ica t e s  i n s u f f i c i e n t  coronary blood supply: they  a r e  
sharp and equ i l a t e ra l .  
pathological  hypertrophy of  l e f t  v e n t r i c l e ,  which i s  ind ica ted  by the  
s i g n i f i c a n t  increase  i n  mean value of summary QRS loop area  f o r  p a t i e n t s  with 
hypertrophy of t h e  l e f t  v e n t r i c l e  and displacement o f  T waves i n  coordinate 
systems i n  a l l  leads.  

Vector cardiographic inves t iga t ion  ind ica t e s  

For a t h l e t e  G ,  master of  spo r t s  i n  rowing, 24 years  of  age, t h e  e l ec t ro -  
cardiogram (Figure 38) shows s imi l a r  changes i n  the  l e f t  precord ia l  leads,  
smoothed T waves i n  l ead  11, a two-phase T wave i n  lead  aVF. 
cardiogram w e  see normal summary a rea  of QRS loops,  p lus  displacement of t h e  
T loops i n t o  t h e  I1 quadrant i n  leads BA1, BA3, BA4, BAS, and i n t o  

On the  vector  

148 



quadrant III'in lead BA2, which indicates disruption of the repolarization 
processes (Figure 38, a). 
after a considerable reduction in load, we see normalization of the changes, 
which were a result of overstress of the left ventricle. 

On the electrocardiogram (Figure 38, b) two months 

c - ~ ' .  ,F-q.+. 

3 
Figure 38. 
Athlete G, 34 Years Old, Master of  Sports Rowing. 

Electrocardiogram and Vector Cardiogram of 

In conclusion we note that the vector cardiographic method of 
investigation does not replace electrocardiography. 
essentially supplements and expands the capabilities of electrocardiography, 
and should be widely used in sports medicine. 

Vector cardiography 
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CHAPTER V I  

MECHANICAL MANIFESTATIONS OF C A R D I A C  A C T I V I T Y  
AND THE FUNCTIONAL STATE OF THE VESSELS 

ABSTRACT. Various m e t h o d s  f o r  ana lys i s  of t h e  mechanical 
manifestations of cardiovascular  a c t i v i t y  a r e  described and 
analyzed. Methods include phonocardiography, dynamocar- 
diography, vector  dynamocardiography, Bal l is tocardiography,  
kinetocardiography, rheocardiography, tachooscil lography, 
and various methods of sphygmography. Each method i s  des- 
cribed and diagrammed, case h i s t o r i e s  a r e  presented, i n -  
cluding i l l u s t r a t i o n s  o f  t h e  various cardiograms and sphyg- 
mogram, and methods o f  mathematical ana lys i s  o f  the  s i g -  
n i f i cance  of phemenona revealed by  t h e  various methods a r e  
presented. #. 

/161 The mechanical manifestat ions of card iac  a c t i v i t y  a r e  q u i t e  var ied .  - 
Suff ice  it t o  say t h a t  t h e  range of  cardiogenic v ib ra t ions  s t r e t c h e s  from 
0.6 t o  1000 Hz. The in f r a son ic  v ib ra t ions  (0.7-16 Hz) a r i s e  pr imar i ly  as a 
r e s u l t  of t h e  kinematics of t h e  hea r t  i n  t h e  thorax,  and a l so  as a r e s u l t  o f  
t he  in t e rac t ion  of  t h e  movements of  t he  hea r t  with t h e  human body as a mass. 
The sound frequency o s c i l l a t i o n s  a r i s e  pr imari ly  i n  r e l a t i o n  t o  s t r e s s e s  on 
t h e  hea r t  valves and the  myocardium i t s e l f .  . A l l  of t hese  mechanical 
processes a r e  recorded by a la rge  number of methods. This chapter  presents  
only those methods'which a r e  cur ren t ly  used i n  s p o r t s  medicine. 
chapter  we a l so . thought  it expedient t o  present  information on methods of  
i nves t iga t ion  o f  the  l a rge  ves se l s .  

In t h i s  

Phonocard iography 

A t  t h e  present  t ime, t he  place of phonocardiography among the  o the r  
methods of i nves t iga t ion  of  t h e  cardiovascular  system has become p rec i se ly  
determined. Having a number of doubtless advantages over auscul ta t ion  
(ob jec t iv i ty ,  production of a documentary record,  and p o s s i b i l i t y  of  
recording sound phenomena which can be but poorly perceived by the  e a r ) ,  
phonocardiography has become q u i t e  s i g n i f i c a n t  p r i n c i p a l l y  i n  t h e  diagnosis  
o f  hea r t  defects  and t o  a c e r t a i n  ex ten t  i n  t h e  evaluat ion of t h e  func t iona l  
s t a t e  of t h e  myocardium. 

.. 

The idea of graphic  recording o f  t he  sounds accompanying hea r t  contrac- /162 
t i o n s  appeared a t  t he  end of  t h e  nineteenth century.  A t  t h a t  time, f i rs t  
Hurthle (1893), then Einthoven and Geluk (1894) recorded phonocardiograms. 
However, t h e  broad usage of phonocardiography i n  c l in ica l  p r a c t i c e  became 
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poss ib le  only considerably l a t e r ,  a f t e r  improved e l ec t roacous t i ca l  apparatus 
was perfected.  

Techniques o f  phonocardiography. 
phonocardiography a r e  t h e  microphone, ampl i f ie r  and recording system. 

The p r inc ipa l  elements of  modern 

Using a microphone placed over c e r t a i n  p a r t s  of t h e  wall o f  t he  thorax,  
t h e  o s c i l l a t i o n s  a r i s i n g  i n  t h e  hea r t  are received and transformed i n t o  
e l e c t r i c a l  o s c i l l a t i o n s .  Further ,  t he  e l e c t r i c a l  s igna l s  a r e  fed  t o  an 
amplif ier ,  where a f t e r  amplif icat ion and frequency se l ec t ion  they are 
recorded by t h e  recording device i n  t h e  form of  a curve -- t h e  phonocardio- 
gram. 

A t  t h e  same time as t h e  phonocardiogram, it is necessary t o  record an 
electrocardiogram. 
s t r i p  char t  recorder  -- i ts  galvanometers must operate  a t  high frequencies .  
Among such char t  recorders  a r e  those which use  photographic recording, as 
well  as those with j e t  galvanometers. 
not  s u i t a b l e  f o r  t he  recording of  phonocardiograms, s ince  they have 
comparatively low na tu ra l  o s c i l l a t i n g  frequencies .  

Special  requirements a r e  placed on the  phonocardiographic 

Pen drawing s t r i p  char t  recorders  a r e  

These demands a r e  s a t i s f i e d  by the  domestically produced two-channel 
phonoelectrocardiograph (FEKP-2), which i s  broadly used a t  t h e  present  t i m e .  

The recording of phonocardiograms (PKG) i s  performed with the  t e s t  
subjec t  i n  a hor izonta l  pos i t i on  with t h e  breath held a f t e r  f u l l  exhalat ion.  
The microphone i s  at tached t o  t h e  sur face  o f  t h e  thorax i n  sequence i n  t h e  
a reas  of pro jec t ion  of t h e  ap ica l  t h r u s t ,  ao r t a ,  pulmonary a r t e r y ,  t r i c u s p i d  
valve and Botkin's  po in t .  The q u a l i t y  o f  t h e  phonocardiogram depends t o  a 
g rea t  ex ten t  on proper appl ica t ion  of t h e  microphone -- hermetic s ea l ing  and 
the  pressure  with which it i s  pressed aga ins t  t he  thorax.  
phonocardiogram a t  the  poin ts  ind ica ted  i s  performed using t h e  following 
frequency c h a r a c t e r i s t i c s  (according t o  Maass and Weber, 1952): t he  
auscu l t a t ive  - -  A ,  low-frequency -- H (35 H z ) ,  f i rst  middle frequency -- C1 
(70 Hz), second middle frequency -- C2 (140 H z ) .  Under c e r t a i n  condi- 

t i o n s ,  phonocardiograms may be  recorded with high-frequency charac te r -  
i s t i c s  -- B1 (250 H z ) .  

Depending on t h e  purpose of t he  inves t iga t ion ,  t he  volume of inves t iga-  
t i o n  may be decreased o r  increased. 
by recording the  phonocardiogram while ly ing  on t h e  s ide ,  standing, after 
physical  loading, o r  while holding t h e  brea th  a t  var ious phases, e t c .  
(R; B.  Minkin, 1959; A. I .  Kolbents-Mishke, 1960). 

The recording of a 

Valuable supplementary da t a  a r e  produced 

* Tones of  t h e  hear t  i n  a t h l e t e s .  The phonocardiogram of a heal thy person /163 - 
has been r a t h e r  f u l l y  s tudied.  
cardiograms f o r  hea l thy  persons not  involved i n  spo r t s  (R. B.  Minkin, 1959; 
Rappaport, Sprague, 1942; Luisada, Mendoza, Alimurung, 1949; e t c . )  cannot be 

However, t h e  e x i s t i n g  norms f o r  phono- 
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f u l l y  t r ans fe r r ed  t o  s p o r t s  medicine. 
number of  physiological  spec i f i c s ,  which a r e  r e f l e c t e d  i n  p a r t i c u l a r  i n  t h e  
phonocardiogram. 

The hea r t  o f  t he  a t h l e t e  d i f f e r s  i n  a 

A spec ia l  study of  t h e  phonocardiograms of  a t h l e t e s  was made by 
Ya. I. Ul 'br ikh (1960), V. V. Solov'yev and V. V. Bulychev (1962), 
R .  D. Dibner (1960), etc. 

Two groups o f  o s c i l l a t i o n s  are always observed on t h e  phonocardiograms 
of a t h l e t e s .  These a r e  tones I and I1 'of t h e  h e a r t ,  corresponding t o  the  
beginning of t h e  mechanical s y s t o l e  and t h e  beginning o f  i somet r ic  re lax-  
a t ion .  . .  

Up t o  t h e  present  t i m e ,  t h e r e  is. s t i l l  no s i n g l e  opinion concerning t h e  
o r i g i n  o f  tone I of  t h e  h e a r t .  
and valves.  
t h e  phonocardiogram: t h e  i n i t i a l ,  c e n t r a l  and terminal  por t ions  (Luisada, 
Mendoza, 1959; e t c . ) .  

I t  i s  formed by a complex mechanism of muscle 
Three1 p r i n c i p a l  p a r t s  of t h e  first tone  are d i f f e r e n t i a t e d  on 

The i n i t i a l  p a r t  of t h e  I tone i s  a low-frequency tone.  I t  cons i s t s  of 
1-2 waves o f  low amplitude, beginning a t  t he  same time as t h e  Q wave of t he  
electrocardiogram or following it s l i g h t l y .  
r e s u l t s  from s t r e s s  on t h e  p a r t s  of t h e  a t r i o v e n t r i c u l a r  valves ,  a r i s i n g  as a 
r e s u l t  of  an increase  i n  i n t r a v e n t r i c u l a r  pressure.  I t  cons i s t s  of  high- 
frequency and comparatively low-amplitude o s c i l l a t i o n s .  The terminal por t ion  
of tone I cons i s t s  o f  1-2 small, high-frequency o s c i l l a t i o n s  which, it is  
assumed, r e s u l t  from stress on the  walls of t h e  l a rge  ves se l s  as blood i s  
expel led i n t o  them. 

The c e n t r a l  por t ion  of tone I 

The frequency range of o s c i l l a t i o n s  of  tone I i s  
30-120 Hz. 

The second tone of t h e  hea r t  r e s u l t s  from the  c losu re  zyd stress of the  
semilunar valves  of  t h e  a o r t a  and pulmonary a r t e r y .  The beginning of tone  I1 
corresponds t o  t h e  end of  t h e  T wave of  t he  electrocardiogram approximately 
(t0.04 sec) ;  tone I1 can be divided i n t o  two components: t h e  first o r  a o r t a l  
and t h e  second or pulmonary. 
tone I1 i s  70-150 Hz. 

The frequency range of t h e  o s c i l l a t i o n s  o f  

One of  t he  p r inc ipa1 , ind ica to r s  charac te r iz ing  t h e  tones o f  t h e  hea r t  is  
t h e i r  durat ion.  
h e a r t  tones o f  120 a t h l e t e s  are presen.ted on Table 10 as ' s t a t i s t i c a l l y  
processed. 

Data which we have produced i n  a study of t h e  dura t ion  of 

~ _ _ _ _  - . ______~ 
In  h i s  l a te r  works,. Luisada analyzed a four-  and six-component s t r u c t u r e  of 

t h e  I tone of t he  h e a r t ,  while i n  1964 he once more analyzed the  s t r u c t u r e  
and genesis  of t h e  I tone -- Ed. 
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The dura t ion  o f  t h e  /164 
tones of t h e  hea r t  depends 
on the  poin t  o f  recording 
and the  frequency char- 
a c t e r i s t i c .  When 
recording i n  t h e  low- and 
f irst  middle (Cl) 

frequency ranges,  t h e  
durat ion o f  t h e  tones is  
increased due t o  t h e  
b e t t e r  recording of low- 
frequency o s c i l l a t i o n s ,  

In  comparing t h e  
dura t ion  of  hea r t  tones i n  
a t h l e t e s  and hea l thy  
persons of t h e  same age 
not occupied with spo r t s  
( R .  B. Minkin, 1959), 
g rea t e r  durat ion of t h e  
hea r t  tones i n  a t h l e t e s  
was noted (by 0.01- 
0.04 sec)  . 

When a t r a n s i t i o n  i s  
made from the  hor izonta l  
pos i t i on  t o  the  v e r t i c a l  
pos i t i on ,  t h e  durat ion o f  
t he  tones increases  
s i g n i f i c a n t l y .  After  
physical  loading (two 
minutes running i n  p lace  
a t  180 s t eps  p e r  minute) 
t h e  durat ion of t h e  tones 
remains unchanged. The 
absence of any c l e a r  
changes i n  the  durat ion o f  
tones I and I1 a f t e r  
loading i n  hea l thy  persons 
was noted by Borter and 
Muller (1955). 

The amplitude of t h e  
tones of t he  hea r t  depends 
on t h e  thickness  of t h e  
chest  wall, t he  thickness  
of  t h e  a i r  l aye r  between 
t h e  hea r t  and t h e  chest  
wall (which i n  t u r n  
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depends on t h e  phase of r e sp i r a t ion ) ,  t he  pos i t i on  of t h e  body of  t he  test 
subjec t  and a number of o the r  f ac to r s .  Therefore, t h e r e  are considerable 
individual  va r i a t ions  i n  t h e  amplitude of t h e  hea r t  tones l. 

A comparison o f . t h e  .amplitudes of tones I and I1 showed various rela- - /165 
t ionships  at t h e  apex and a t  t h e  base of t h e  h e a r t .  In  t h e  a rea  of t h e  apex 
of t h e  hea r t ,  t h e  amplitude of tone I was less than t h e  amplitude of tone I1 
i n  more than h a l f  t h e  a t h l e t e s .  A t  t he  same t i m e ,  i n  heal thy persons who are 
not a t h l e t e s  t h e  amplitude of tone I general ly  exceeds t h a t  of tone I1 or is  
equal t o  it a t  t h e  apex of t h e  hea r t  (V. V. Solov'yev, 1957). 

Figure 3 9 .  Phonocardiogram o f  A t h l e t e  M, 18 
Years O l d .  When recorded w i t h  c h a r a c t e r i s t i c  
C2 i n  t h e  prone posi t ion i n  t h e  area o f  t h e  
apical  t h r u s t ,  s p 1 . i t t i n g  o f  Tone I (a )  was 
recorded, w h i l e  i n  the  area 06 the pulmonary 
a r t e r y  -- s p l i t t i n g  of tone I I  (b) was noted; 
c ,  phonocardiogram o f  a t h l e t e  I ,  17 years o ld ;  
a t  Botkin's  point ,  I l l  and I V  tones o f  heart  
were recorded; recording made w i t h  character-  
i s t ic  C1. 

The changes i n  
tone amplitudes . a f t e r  
physical  loading and 
changing of t he  
pos i t ion  of t he  body 
a r e  i r r e g u l a r  i n  
nature:  t h e  ampli- 
tudes of t he  tones 
of the  hea r t  may 
increase,  decrea5e or 
remain t h e  same. 

S p l i t t i n g  of 
tones I and I1 i n  
healthy young persons 
is  a frequent 
aus cu 1 t a t  i ve ph enom - 
enon, depending on 
nonsimultaneous 
c losure  of the  a t r i o -  
v e n t r i c u l a r  o r  
semilunar valves 
(Leathem, 1957; 
Luisada, Aravanis, 
1957). 

On the  phono- 
cardiogram, s p l i t t i n g  
of tone I i s  
manifested as a 

decrease i n  the  amplitude between two groups of o s c i l l a t i o n s  i n  t h e  cen t r a l  
por t ion  of  tone I. 
0.02 sec [Figure 39, a ) .  

The durat ion of t he  in t e rva l  which a r i s e s  i s  0.01- 
This b r i e f  i n t e r v a l  between the  two port ions o f  

/166 tone I w i l l  not be perceived by auscul ta t ion.  Therefore, Holldack (1952) - 
~ . . ~  ~ . . . . . . . . ~ . - - . ~~ _.. _ _  . 

~ . .. ~ . . .  

The p r inc ipa l  d i f f i c u l t y  i n  amp-lTtude ana lys i s  of phonocardiogram i s  t h e  
absence of any general ly  accepted method f o r  c a l i b r a t i o n  of t he  height of 
o s c i l l a t i o n s  on t h e  curve -- Ed. 
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emphasizes t h a t  t h e  s p l i t t i n g  of tone I perceived by ear ( i n  cont ras t  t o  t h e  
s p l i t t i n g  of  tone 11) cannot be looked upon as a physiological  phenomenon. 

The s p l i t t i n g  of 
tone 11, r e s u l t i n g  from 
e s s e n t i a l l y  nonsimul- 
taneous c losure  of  t he  
valves o f  t h e  a o r t a  and 

appears graphica l ly  as 
does the  s p l i t t i n g  of 
tone I ,  with an i n t e r v a l  
between the  two groups 
of  o s c i l l a t i o n s  not 
exceeding 0.03 sec  
(Figure 39, b) . The 
s p l i t t i n g  o f  tone I1  i s  
frequent ly  observed upon 
deep inha la t ion .  

6 ‘  .: -. , 

I pulmonary a r t e r y  , 

4 1, 
,,$‘#sv,,,;.k , ;t.!!)? Q;;,.:,:;;.‘;<, vt;,,!.;{ ,. A $!::* 1;- “1 I , . , : . :  *.... 

- a  

Phonocardiographic 
examination of  a t h l e t e s  
i n  the  prone pos i t i on  
has shown s p l i t t i n g  of  
tone I i n  11.6% and 

* s p l i t t i n g  o f t o n e  11 i n  Figure 40. 
22 Years O l d .  I n  t h e  prone pos i t ion ,  s p l i t -  10% of the  test  
t i n g  o f  tones I and I 1  was noted ( a ) ;  a f t e r  subjec ts .  The s p l i t t i n g  
physical loading (b), s p l i t t i n g  of  tones of  tone I i s  observed 
was not noted. Recorded w i t h  auscu l t a t ive  pr imari ly  during t h e  

Phonocardiogram of A t h l e t e  K,  

c h a r a c t e r i s t i c  a t  Botkin’ s point.  recording of t he  phono- 
cardiogram i n  t h e  area 
of  the  apex of t h e  h e a r t  

Af te r  

Physical loading 

and Botkin’s po in t ,  while t h e  s p l i t t i n g  of tone I1 is  noted a t  t he  base of 
t he  h e a r t ,  corresponding t o  da t a  noted i n  hea l thy  young persons. 
t r a n s i t i o n  t o  the  v e r t i c a l  pos i t i on ,  t h e  frequency of s p l i t t i n g  o f  tone I 
increases  i n  comparison t o  t h e  da t a  i n  t h e  prone pos i t ion .  
causes almost complete disappearance of  t he  s p l i t t i n g  of both tone I and 
tone I1 of the  hea r t  noted i n  the  r e s t  s ta te  (Figure 40). This f a c t  can 
apparently be explained by more synchronous cont rac t ion  of  both v e n t r i c l e s  
and closure of t h e  a t r i o v e n t r i c u l a r  and semilunar valves .  

. The t h i r d  and four th  tones of the  h e a r t  a r e  obsekved i n  a t h l e t e s  
comparatively f requent ly .  Thus; tone I11 of t h e  h e a r t ,  cons is t ing  of  
1-2  small o s c i l l a t i o n s  of  low frequency, was recorded i n  26% of the  a t h l e t e s  
(Figure 39, c ) .  The i n t e r v a l  between tones I1 and I11 f l u c t u a t e s  between 
0.13 and 0.17 sec.  A f t e r  physical  loading, tone I11 is  recorded considerably 
more frequent ly  than a t  r e s t  -- i n  78% of  a l l  a t h l e t e s  (Figure 41). 
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The reasons f o r  t h e  formation of tone I11 a r e  in t e rp re t ed  var iously.  
The most popular explanat ion i s  a , t h e o r y ,  according t o  which tone I11 can be  
explained by t h e  e las t ic  r eac t ion  of t he  wall of  t h e  l e f t  v e n t r i c l e  r e s u l t i n g  
from rapid  in f lux  of  blood from t h e  atrium (Weber, 1956). 

The fourth,  a t r ia l  tone i s  formed of low-frequency v ibra t ions  a r i s i n g  
0.04-0.12 s e c  a f t e r  t he  beginning of t he  P wave on t h e  electrocardiogram or 
0.08 sec  before  the  beginning of  tone I (Figure 39, c ) .  

The four th  tone on t h e  phonocardiogram i s  noted i n  the  form of  
1 - 2  low-frequency o s c i l l a t i o n s  i n  20% of a t h l e t e s ;  i n  t he  standing pos i t ion ,  
it i s  l e s s  f requent ly  recorded, while after physical  loading, on the  o the r  
hand, it is more f requent ly  recorded. 

We note  t h a t  according t o  t h e  d a t a  of  V. V .  Solov'yev and V. V. Bulychev 
(1962), s p l i t t i n g  o f  tones I and 11, as well  as I11 and I V ,  i s  more fre- 
quently noted on the  phonocardiograms of a t h l e t e s  than was the  case i n  our 
observations.  

a 
- . . .  

b 

Figure 41. Phonocardiogram of Athlete  A ,  19 Years of 
Age. After  physical loading ( b )  w i t h  recording i n  
the  area o f  t h e  apical  t h r u s t  w i t h  c h a r a c t e r i s t i c  C 1 ,  
t h e  I l l  tone i s  c l e a r l y  seen, w h i c h  was not seen 

before loading ( a ) .  

Thus, t h e  phonocardiogram of an a t h l e t e  d i f f e r s  i n  a number of ways i n  - /167 
comparison with the  phonocardiogram of a hea l thy  nonathlete .  
f ea tu re s  include g r e a t e r  dura t ion  of  tones I and 11,  r e l a t i v e l y  lower 
amplitude of tone I a t  t h e  apex of t h e  hea r t ,  h igher  frequency of recording 
o f  tones I11 and I V .  

Cha rac t e r i s t i c  

In  evaluat ing t h e  func t iona l  s ta te  of t h e  myocardium i n  c l i n i c a l  and 
s p o r t s  medical p r a c t i c e ,  considerable  s ign i f i cance  is  at tached t o  the  sound 
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of the  tones o f  t he  hea r t .  
observed i n  persons involved i n  spo r t s ,  and therefore  are looked upon as a 
spec i f i c  of t he  l lsports  heart ."  According t o  the  d a t a  of S. P.  Letunov and 
L. G. Serkin (1939), d u l l  tones i n  t r a ined  a t h l e t e s  are noted 5.5 times more 
frequently than i n  heal thy persons not  involved i n  spor t s .  

We know t h a t  du l l  tones are r a t h e r  f requent ly  

' 

The appearance of  d u l l  hear t  tones may r e s u l t  from a number of  causes. 

/168 Doubtless, a r o l e  i s  played by extracardiac f ac to r s  (thickness of t h e  

vegetat ive innervation i s  of grea t  s ign i f icance .  We know t h a t  an increase 
i n  t h e  tonus of t h e  vagus nerve leads t o  weakening of  tone I of t h e  hear t  due 
t o  t h e  f ac t  t h a t  the  increase  i n  in t r aven t r i cu la r  pressure i s  delayed. 

a n t e r i o r  chest  wall, emphysema of t he  lungs, e t c . ) .  The condition of t h e  __. 

In  addi t ion t o  these  f ac to r s ,  d u l l  hea r t  tones may be a r e s u l t  of 
decreased cont rac t ive  capaci ty  of t he  myocardium due t o  hea r t  muscle disease,  
h e a r t  defects ,  e tc .  

I 
A proper evaluat ion of  d u l l  h e a r t  tones i n  general  and i n  a t h l e t e s  i n  

p a r t i c u l a r  i s  o f  grea t  p r a c t i c a l  s ign i f icance .  However, the  c a p a b i l i t i e s  o f  
auscul ta t ion are l imited.  They do not allow us t o  d i f f e r e n t i a t e  mechanisms 
o f  t h e  formation of  d u l l  hea r t  tones ( L .  I .  Fogel'son, 1932; S. P.  Letunov 
and L .  G. Serkin,  1939; R. Y e .  Motylyanskaya and S. P. Letunov, 1949). In 
connection with t h i s  , t he  in t e rp re t a t ion  of t he  auscul ta t ive  concept of "dull  
tones" frequently represents  considerable d i f f i c u l t i e s .  

From t h i s  point  of view, attempts of  a number of authors (R. B .  Minkin, 
1959; N .  Ye. Kavetskiy and A. A. Stupni tskiy,  1961; McGregor, Rappaport, 
Sprague, Fr ied l ich ,  1956) t o  use phonocardiography t o  evaluate  the  sounds of 
t h e  tones of t h e  hear t  are q u i t e  i n t e re s t ing .  

In order  t o  develop d i f f e r e n t i a l  diagnost ic  c r i t e r i a  f o r  evaluation of 
t h e  mechanisms of formation o f  d u l l  tones o f . t h e  hea r t ,  . w e  performed phono- 
cardiographic and polycardiographic inves t iga t ion  of 30 a t h l e t e s  with d u l l  
hea r t  tones and 30 a t h l e t e s  with clear hea r t  tones (control  group). Among /169 
those s tudied were representa t ives  of  various types of spor t s  with high 
qua l i f i ca t ions  (master of spor t s  and f i rs t  c l a s s )  varying i n  age from 18 t o  
35 years.  

' 

Clin ica l  examination showed no deviat ions i n  the s t a t e  of heal th  and 
funct ional  s t a t e  of  the  a t h l e t e s  i n  t h e  cont ro l  group. A s  concerns the  group 
of  a t h l e t e s  with d u l l  hea r t  tones,  t h e  group was var ied  i n  i t s  c l i n i c a l  
cha rac t e r i s t i c s :  20 of t h e  men were judged heal thy ( f i r s t  subgroup), while 
10 (second subgroup) had or might have had i r r e g u l a r i t i e s  i n  the  cardio- 
vascular  system (rheumatism i n  anamnesis, chronic t o n s i l l i t i s  with frequent 
aggravation, electrocardiogram i r r e g u l a r i t i e s ,  complaints of dyspnea and 
pains  i n  the  area of  t h e  h e a r t ) .  

Recording of  phonocardiograms was performed both a t  res t  and a f te r  
physical exercise  (two minutes running i n  place) .  
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Analysis and s t a t i s t i c a l  processing of  phonocardiographic d a t a  showed 
t h a t  t h e  auscu l t a t ive  concept of "dul l  tones" on t h e  phonocardiogram corre-  
sponds t o  a reduct ion i n  t h e  amplitude o f  o s c i l l a t i o n s  pr imar i ly  of tone I of 
the  hea r t .  
was considerably less than i n  persons with c l e a r  tones when recorded a t  a l l  
frequency c h a r a c t e r i s t i c s .  However, the  most i n d i c a t i v e  i n  t h i s  respect  were 
t h e  auscu l t a t ive  and second middle frequency.(C2) c h a r a c t e r i s t i c s ,  recordings 

at which f o r  persons with d u l l  tones showed amplitudes of  tone I 2-2.5 times 
l e s s  than i n  a t h l e t e s  with clear hea r t  tones,  i nd ica t ing  the  low frequency o f  
t h e  d u l l  tones. 

The mean amplitude of tone I i n  a t h l e t e s  with d u l l  hea r t  tones 

Essent ia l  d i f fe rences  were a l s o  found i n  a s tudy of t h e  r e l a t ionsh ips  of  
amplitudes of  tones I and 11, p a r t i c u l a r l y  when recorded with c h a r a c t e r i s t i c  

C2 .  In  a th l e t e s .w i th  d u l l  tones of t he  h e a r t ,  t he  amplitude o f  tone I ,  as 
a r u l e ,  was l e s s  than t h e  amplitude of tone 11, while i n  a t h l e t e s  with c l e a r  
tones,  predominance o f  tone I over tone I1 or equal amplitudes of  t hese  two 
tones a r e  the  ru l e .  

A demonstration 0 f t h . e  above i s  t h e  phonocardiogram of  a t h l e t e  T ,  
33 years of age, master o f  spo r t s  i n  s a i l i n g ,  and a t h l e t e  I ,  22 years  6f age, 
master of s p o r t s  i n  rowing. 
The phonocardiogram showed low amplitude o f  tone I ,  p a r t i c u l a r l y  with 
c h a r a c t e r i s t i c s  A and C2 (Figure 42). 

c l e a r ,  and t h e  phonocardiogram shows high amplitude of tone I ,  exceeding t h a t  
o f  tone I1 a t  a l l  frequency c h a r a c t e r i s t i c s  (Figure 42).  

Auscultation of  T ind ica ted  d u l l  h e a r t  tones.  

In  I ,  the  tones o f t h e  h e a r t  a r e  

Thus, phonocardiographically, d u l l  hea r t  tones a r e  d is t inguished  from 
c l e a r  hear t  tones by low absolu te  values o f  tone amplitudes, d i f f e r e n t  
r e l a t ionsh ips  between tones I and I1 a t  various frequency c h a r a c t e r i s t i c s .  
These ind ica to r s -can  be used f o r  ob jec t ive  evaluat ion of the  sounds of t he  
hea r t  tones. However, they do not help t o  solve the  problem of the  causes of 
du l lness  of t h e  tones.  

/170 - 

In order  t o  explain t h e  r o l e  of t h e  tonus of  t he  vagus nerve i n  the  
formation of d u l l  hea r t  tones,  we can use  da ta  from phonocardiographic 
inves t iga t ion  a f t e r  physical  loading. We know t h a t  under the  inf luence of  
physical  loading, t he  tonus o f t h e  sympathetic nervous system i s  increased 
with simultaneous weakening of t he  c e n t r a l  tonus of t h e  vagus nerve. A l l  of  
t h i s ,  as we know, f a c i l i t a t e s  an increase  i n  the  rate of r i s e  of  t h e  i n t r a -  
v e n t r i c u l a r  pressure  and the re fo re  a reinforcement of t h e  tones of t h e  hea r t .  
The performance of t h i s  type  of i nves t iga t ion  has allowed u s  t o  e s t a b l i s h  
t h a t  i n  70% of  a t h l e t e s  with d u l l  hea r t  tones,  an increase  i n  the  amplitude 
of tone I i s  observed a f t e r  physical  loading. 

What a r e  t h e  reasons f o r  d u l l  hea r t  tones i n  those a t h l e t e s  f o r  whom no 

The answer t o  t h i s  quest ion can be obtained by a comparison of t h e  

- /171 
increase  i n  the  amplitudes of t h e  h.eart tones i s  observed af ter  physical 
loading? 
t h e  da t a  of phonocardiographic and polycardiographic inves t iga t ions .  
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Figure 42. Phonocardiograms o f  A t h l e t e s .  a ,  T ,  33 
years;  b, I ,  22 years. Recorded i n  a r e a  of  apica l  

t h r u s t .  Explanation i n  t e x t .  

In  comparing t h e  r e s u l t s  of phase ana lys i s  i n  two subgroups of a t h l e t e s  
with d u l l  hea r t  tones, it was e s t ab l i shed  t h a t  i n  c l i n i c a l l y  heal thy a t h l e t e s  
( f i r s t  subgroup) t h e  du ra t ion  of t h e  phases of t he  cardiac cycle correspond 
t o  values i n  a control  group ( a t h l e t e s  with c l e a r  h e a r t  tones) .  In  a t h l e t e s  
i n  t h e  second subgroup, an elongation o f  t he  isometr ic  contract ion i s  
observed, along with a shortening of t h e  expulsion period. 

These changes i n  the  durat ion of phases of t h e  cardiac cycle,  as has 
been shown by physiological and c l i n i c a l  i nves t iga t ions  performed by a number 
of authors,  can be looked,upon as a manifestation of disrupt ions i n  t h e  
contract ive funct ion of  t h e  myocardium. I n  these  cases the re  i s  s u f f i c i e n t  
reason t o  explain the dul lness  of t h e  h e a r t  tones as changes i n  t h e  cardiac 
muscle and r e s u l t i n g  hypodynamia o f  t h e  myqcardium. 

Functional noises i n  a t h l e t e s .  'One c h a r a c t e r i s t i c  of auscu l t a t ive  
s p e c i f i c s  of t h e  a t h l e t e ' s  h e a r t  i s  frequent presence o f  s y s t o l i c  no i se  o f  a 
funct ional  nature.  

* during auscu l t a t ion  of a t h l e t e s  has been described by D. F. Shabashov (1930) 
The p a r t i c u l a r  frequency of s y s t o l i c  noises  revealed 
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(40-SO%), R. Ye. Motylyanskaya and S. P. Letunov (1949) (up t o  39%), Deych 
and Kauf (1926) (25.9%), etc. The nature  of t h e  s y s t o l i c  no ise  i n  each 
individual  case requi res  d i f f e r e n t i a l  evaluation, s ince  it is  qu i t e  clear 
t h a t  a person may be involved i n  spor t s  and s t i l l  have var ious valve defec ts  
of  t h e  hea r t .  
valve -- a defec t  with which t h e  physical working a b i l i t y  i s  re ta ined  f o r  
some time and i n  some cases high spor t s  r e s u l t s  are achieved. 
s p i t e  of t h e  good compensation of t h i s  hea r t  defect ,  a d e f i n i t e  opinion has 
been gathered a t  t h e  present  t i m e  t h a t  t h e  presence o f  mitral  valve de f i -  
ciency is incompatible with systematic spor t s  a c t i v i t y .  

This i s  p a r t i c u l a r l y  t r u e  of insuf f ic iency  of  t h e  mitral 

However, i n  

In  solving the  question of t h e  funct ional  nature  of  s y s t o l i c  no ise  
during auscul ta t ion ,  w e  usua l ly  base ourselves on such c h a r a c t e r i s t i c s  as 
the  gen t l e  nature  and low i n t e n s i t y  of t h e  noise ,  as well as  i t s  inconstancy 
and v a r i a b i l i t y  i n  s t rength ,  extent  and loca l i za t ion  as a function of  the  
phase o f  r e sp i r a t ion ,  pos i t i on  of t h e  body, physical  stress, nervous-mental 
inf luences,  e tc .  However, it should be emphasized t h a t  some of the  
auscul ta t ive  c h a r a c t e r i s t i c s  described f o r  func t iona l  s y s t o l i c  noise  have 
r e l a t i v e  value. 

The diagnosis of funct ional  s y s t o l i c  noises  using phonocardiographic 
methods is considerably more e f f ec t ive .  A number of fore ign  works have 
appeared (Evans, 1947; Luisada e t  a l . ,  1957; Besterman, 1955; Wittig,  1956; 
Wells, 1957), dedicated t o  phonocardiographic inves t iga t ions  of t he  func- 
t i ona l  s y s t o l i c  noises .  

Sys to l i c  noise  on t h e  phonocardiogram shows a p i c t u r e  of  comparatively 
high-frequency o s c i l l a t i o n s  ( o s c i l l a t i n g  frequency from 70 t o  600 Hz) 
located between tones I and I1 of t h e  hear t  (Figure 43). 

The usage o f  phonocardiography i n  spor t s  medical p rac t i ce  has 
revealed a very high frequency of r e g i s t r a t i o n  of s y s t o l i c  no ise  i n  a t h l e t e s  
V. V. Solovtyev and V. V. Bulychev (1962) noted s y s t o l i c  noise  on the  
phonocardiogram i n  84% of those a t h l e t e s  whom they examined. 
our data ,  the  frequency of  appearance of  funct ional  s y s t o l i c  no ise  i n  
a t h l e t e s  i s  even g r e a t e r  -- amounting t o  92%. 

According t o  

We performed a spec ia l  study of t he  phonocardiograms of  112 a t h l e t e s  
with functional s y s t o l i c  noise .  The phonocardiograms were recorded with the  
test subjec t  i n  the  prone and standing pos i t ions  and after standard physical 
loading with four  frequency c h a r a c t e r i s t i c s  from the  usual po in ts  o f  
auscul ta t ion of t he  hea r t .  

In 60% of  t h e  a t h l e t e s , . t h e  clearest expression of funct ional  s y s t o l i c  
noise  was noted i n  t h e  area of  the  apex of t he  hea r t  and i n  40% -- i n  t he  
area of t h e  pulmonary a r t e r y .  

The cha rac t e r i s t i c s  of funct ional  s y s t o l i c  noise  include a damping 
nature  of  t he  noise  (decrescendo), clearest recording a t  moderate frequencies 
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(C,) and low amplitude of oscillations, not exceeding one half the amplitude 
of tone I as a rule (see Figure 42). One distinguishing feature also is the 
short duration of the noise -- occupying from one fourth to one half of the 
length of the systole. A late beginning of the functional systolic noise is 
particularly typical -- 0.03-0.08 sec after tone I. Evans (1947) and Wells 
(1957) turned particular attention to this phonocardiographic characteristic 
of functional systolic noise. 

The comparison of phonocardiographic data recorded in the prone and 
standing positions has confirmed that the intensity of functional systolic 
noise decreases as the body is moved to the vertical position. 
documented by a decrease in the amplitude of the oscillations of the noise. 

This has been 

sec 

Functional noise Organic noise 

Figure 43 .  Comparative Characteristics of Functional 
and Organic Systolic Noises (Average Figures). 
. I ,  duration of systolic noise; I I ,  duration of inter- 
val between noise and tone I I ;  l i l ,  amplitude of 
systolic noises. A ,  H ,  Cl., C2, frequency charac- 
ter i st i cs . 
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Since the re  i s  no s i n g l e  opinion concerning t h e  inf luence  of  physical  
stress on func t iona l  s y s t o l i c  noise ,  an ob jec t ive  phonocardiographic) 
evaluat ion of  t he  na tu re  o f  s y s t o l i c  no ise  af ter  phys ica l  loading should be  
o f  g rea t  p r a c t i c a l  i n t e r e s t .  
s tate t h a t  after physical  loading, t h e  amplitude of s y s t o l i c  no ise  increases  
s i g n i f i c a n t l y  i n  a l l  a t h l e t e s .  This i nd ica t e s  reinforcement of  t h e  noise  and 
i n  tu rn  can be explained by a reinforcement of t h e  cont rac t ion  of  t h e  
v e n t r i c l e s  (V. V. Antipov, 1956) and an increase  i n  t h e  rate of blood flow. 
Consequently, t he  e x i s t i n g  assumption t h a t  func t iona l  s y s t o l i c  no i se  becomes 
q u i e t e r  after physical  loading i s  cont rad ic ted  by t h e  d a t a  of  phonocardio- 
graphic inves t iga t ion .  S imi la r  observat ions a r e  presented by V. V. Solov'yev 
and V. V. Bulychev i n  t h e i r  work .(1962). 

The inves t iga t ions  performed allowed us  t o  

/173 - 

A demonstration o f  t h e  c h a r a c t e r i s t i c s  of  func t iona l  s y s t o l i c  no ise  can /174 - 
be  seen from t h e  following observat ion.  

K ,  22 years  of age, is  a class I fencer .  H e  has been involved i n  t h e  
spo r t  f o r  f i v e  years .  H e  has no hea l th  complaints. Upon auscul ta t ion ,  s o f t  
s y s t o l i c  noise  i s  heard a t  t h e  apex of  t h e  h e a r t ,  re inforced  after physical  
loading. X-ray examination shows normal S ize  and configurat ion of t he  hea r t .  
The electrocardiogram has no devia t ions  from t h e  norm. On t h e  phonocardio- 
gram (Figure 44,  a ) ,  a sho r t  no ise  o f  low amplitude is  seen, a r i s i n g  0.04 s e c  
after tone I and ending i n  t h e  middle of  the  sys to l e .  Af te r  physical  s t r e s s  
(Figure 44, b) the  amplitude of t h e  s y s t o l i c  no ise  sharply increases .  

.a b 

Figure 44. Phonocardiogram of A t h l e t e  K ,  22 Years 
O l d .  Recorded i n  area o f  apical  t h r u s t  i n  prone 
posi t ion.  a ,  before physical loading; b y  a f t e r  

physical s t r e s s .  Explanation i n  t e x t .  

We must discuss  s p e c i a l l y  the  problem of changing i n t e n s i t y  o f  func- 
t i o n a l  s y s t o l i c  no ise  during t h e  process of t r a i n i n g .  
d i f f i c u l t i e s  usua l ly  a r i s e  i n  evaluat ing those cases  when a reinforcement of 

The g r e a t e s t  
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s y s t o l i c  no ise  i s  noted with t h e  passage of t i m e .  
t h a t  t h i s  type o f  change of  func t iona l  s y s t o l i c  no i se  i s  an unfavorable s ign ,  
ind ica t ing  the  development of f a t igue  o r  over t ra in ing .  
study of  t h i s  problem has shown c e r t a i n  i n t e r e s t i n g  r e g u l a r i t i e s  contra- 
d i c t i n g  t h i s  po in t  of view. 

I t  i s  bel ieved by many 

Phonocardiographic 

A group of highly q u a l i f i e d  rowers (42 masters of spo r t s )  inves t iga ted  
i n  dynamics during t h e  course of t h e  spo r t s  season showed t h a t  as t h e  s t a t e  
of t r a in ing  increased and the  funct ional  state of most (70%) was improved, 

regard less  of i t s  poin t  of  l oca l i za t ion .  The no i se  amplitude is increased 
gradually,  reaching i t s  maximum i n  the  competit ive s t age  of t h e  main t r a i n i n g  
per iod.  

,175 t h e  phonocardiogram showed.an increase  i n  the  amplitude of s y s t o l i c  no ise ,  - 

As an example, we present  below t h e  phonocardiogram of a master o f  
spo r t s  i n  rowing. 

I 

f5. li! 63 

Figure 45. 
Age. Recorded a t  c h a r a c t e r i s t i c  C 1 :  a ,  I n  area o f  apical t h r u s t ;  

Phonocardiogram o-f Master o f  Sports G ,  25 Years of 

b, I n  area  o f  pulmonary a r t e r y .  Explanation i n  t e x t .  

G ,  25 years o ld  (Figure 45), heal thy.  Functional s t a t e  throughout 
spo r t s  season good. On phonocardiogram of 15/4/1963 (Figure 45, a) a sho r t ,  
low-amplitude func t iona l  s y s t o l i c  noise  i s  recorded i n  a rea  of apex of  hea r t  
and pulmonary a r t e r y .  On t h e  phonocardiogram o f  10/8/1963 (Figure 45),  t he  
amplitude of s y s t o l i c  no ise  is  sharply increased. 
a t h l e t e  took p a r t  i n  important competition successfu l ly .  

During t h i s  per iod,  t h e  

One c h a r a c t e r i s t i c  f e a t u r e  is  a dependence o f  t hese  changes on age and 
spor t s  ranking of t h e  a t h l e t e .  
ranking usua l ly  show t h i s  dynamics i n  the  change i n  amplitude of  no ise  during 
the  process o f  t r a i n i n g  q u i t e  c l ea r ly .  
age show an increase  i n  the  amplitude of s y s t o l i c  no ise  comparatively l e s s  
l e s s  f requent ly ,  and it is  expressed t o  a l e s s e r  ex ten t .  

Young a t h l e t e s  with r , e l a t ive ly  low spor t s  

Experienced a t h l e t e s  28-30 years  of 

On the  bas i s  of experimental da t a  of V. V. Antipov (1963), it might be 
assumed t h a t  t h e  increase  i n  the  amplitude of s y s t o l i c  no ise  i n  the  process 
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o f  increasing state of t r a i n i n g  r e s u l t s  from reinforcement of t he  cont rac t ion  
of  t h e  v e n t r i c l e s  o f  t h e  h e a r t .  
nerve,  most c l e a r l y  seen i n  the  process o f  s p o r t s  t r a i n i n g  i n  young a t h l e t e s ,  
is  probably of  g rea t  s ign i f i cance .  

Also, an increase  i n  the  tonus of t h e  vagus 

/176 - In  conclusion t o  t h i s  sec t ion ,  we must d i scuss  once more one problem 
which has not  been discussed i n  t h e  spo r t s  medical l i t e r a t u r e .  
concerned with t h e  func t iona l  d i a s t o l i c  noises  i n  a t h l e t e s .  

We are 

Dias to l i c  no ises  a r e  high-frequency o s c i l l a t i o n s  (frequency range from 
120 t o  600 Hz according t o  Schmidt-Voigt, 1955), located between tones I1 and 
I o f  t h e  hea r t .  

C l in i ca l  observations (A. I .  Arinkin, 1926; M. Ya. Ar'yev, 1948; 
B.  N. Turusevich, 1955; M. Yu. Rappaport, 1957; Z. K. Chkhaidze, 1963; e t c . )  . 
c l e a r l y  prove t h e  ex is tence  o f  d i a s t o l i c  noises  with c e r t a i n  d iseases ,  not  
accompanied by organic  damage t o  t h e  valve apparatus o f  t h e  h e a r t ,  but 
leading t o  a decrease i n  t h e  tonus of  t he  card iac  muscle. 

In addi t ion  t o  t h a t ,  i n  the  l i t e r a t u r e  i n  recent  years  we have seen 
individual  r epor t s  o f  t he  p o s s i b i l i t y  o f  appearance and phonocardiographic 
recording of  d i a s t o l i c  no ises  i n  p r a c t i c a l l y  hea l thy  persons (Paulin,  
Mannheimer, 1957; Wolf, 1961) and i n  hea l thy  persons with l a b i l e  vege ta t ive  

. nervous system L. M. F i t i l e v a ,  1962). 

In  l a rge  s c a l e  phonocardiographic inves t iga t ions  of a t h l e t e s  at  r e s t  
However, i n  (250 persons) we d id  not  record d i a s t o l i c  no ise  i n  any case.  

recording t h e  phonocardiograms a f t e r  physical  loading (two minutes running 
i n  place)  i n  eleven a t h l e t e s  we discovered d i a s t o l i c  no ise .  C l in i ca l  
examination negated t h e  presence of pathology o f  t h e  cardiovascular  system of  
t h e s e  persons. 
s y s t o l i c  no ise  was noted auscu l t a t ive ly  and phonocardiographically, which 
increased a f t e r  physical  loading. In  the  o the r  t h r e e  persons a f t e r  physical  
loading, s y s t o l i c  no ise  was a l s o  present .  I t  i s  c h a r a c t e r i s t i c  t h a t  these  
were women between 17 and 23 years o f  age, involved i n  various types o f  
spo r t s  f o r  3-5 years ,  who had achieved high s p o r t s  qua l i f i ca t ions  during t h i s  
time. 

Also, i n  e igh t  of t h e  eleven persons a shor t  funct ional  

The appearance of  d i a s t o l i c  no ise  i n  heal thy persons only a f t e r  physical  
s t r e s s ,  the  absence on t h e  phonocardiogram of a c l i c k  upon opening of  t h e  
mitral valve and normal values  of Q-tone I i n t e r v a l ,  i . e .  s igns  character-  
i s t i c  f o r  mitral  s t e n o s i s  i n  which d i a s t o l i c  no ise  is  r egu la r ly  heard,  give 
us reason t o  evaluate  t h i s  no ise  as funct ional .  
they can be charac te r ized  by a number of  i nd ica to r s :  
p r imar i ly  recorded a t  Botkin 's  po in t ,  i n  time they  arise a t  t h e  beginning of 
t h e  d i a s t o l e ,  t he  durat ion of t h e  noises  i s  from 0.12 t o  0.25 sec  (corre- 
sponding t o  1/6-1/3 of  t h e  dura t ion  of  t he  d i a s t o l e ) .  The i n t e r v a l  
between tone I1 and t h e  beginning of t he  noise  i s  n i l  or 0.03-0.08 sec .  
The amplitude of  t h e  noise  is  s l i g h t  and always less than the  amplitude o f  

Phonocardiographically, 
d i a s t o l i c  noises  a r e  

- /177 
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tone I1 by 2-4-5 times. An i l l u s t r a t i o n  of  t h i s  i s  t h e  following observ- 
a t  ion.  

K ,  17 years  o ld ,  has been involved i n  spo r t s  gymnastics f o r  four  years ,  
and has first ranking. On the  phonocardiogram a t  rest 
(Figure 46, a)  t h e r e  are no noises .  The tones a r e  of normal amplitude and 
durat ion.  Q-I tong = 0.05 sec.  A f t e r  physical  stress (Figure 46), t h e  
appearance of  s y s t o l i c  and d i a s t o l i c  noises  i s  noted. The la t te r  a r i s e s  
d i r e c t l y  after tone I I , . i t s  dura t ion  is 0.18 sec, about one t h i r d  o f  t h e  
dura t ion  of t h e  d i a s t o l e ,  i ts  amplitude is  4 nun (one-fourth amplitude of 
tone I ) .  

She is  heal thy.  

Figure 46. Phonocardiogram of A t h l e t e  K,  17 Years O l d .  Recorded 
w i t h  auscu l t a t ive  c h a r a c t e r i s t i c  a t  Botkin's  point :  a ,  before 
physical loading; b ,  a f t e r  physical loading. Explanation i n  t e x t .  

The explanation of t h e  mechanism of formation of  func t iona l  d i a s t o l i c  
no ise  i n  a t h l e t e s  a f t e r  physical  loading involves considerable  d i f f i c u l t i e s .  
Apparently, as i s  t h e  case f o r  t h e  func t iona l  s y s t o l i c  noise ,  acce le ra t ion  of 
t h e  blood flow and the  change i n  the  tonus of t he  card iac  muscle, which . 

depends on t h e  tonus o f  t h e  ex t r aca rd ia l  nerves ,  are of considerable s i g n i f -  
icance.  

Dynamoca rd iog raphy 

The development o f  e l ec t ron ic  equipment which has occurred i n  t h e  pos t -  
w a r  years has allowed a number of  new methods t o  be  created f o r  t h e  
inves t iga t ion  of  t h e  ca rd iac  a c t i v i t y  of.man. Among such methods new i n  
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/178 p r inc ip l e  i s  dynamocardiography, developed by Ye. B. Babskiy, T. S. Vino- - 
gradova, V. S. Gurf inkel ' ,  E. L .  Romel' and Y a .  S. Yakobson (1952). 

Using t h i s  method, it has been found poss ib le  t o  analyze the  mechanical 
processes accompanying t h e  card iac  cont rac t ion .  
performed by recording movements of t h e  cen te r  of  g rav i ty  o f  t h e  thorax and 
t h e  t h r u s t  components o f  t h e  kinematics of  t h e  h e a r t .  

This type of  ana lys i s  i s  

Dynamocardiographic t e c h n i q u e s  and methods o f  inves t iga t ion .  The 
dynamocardiograph c o n s i s t s  of  t h r e e  independent p a r t s :  t h e  receiving device,  
e l ec t ron ic  ampl i f ie r  and recording system (osc i l lograph) .  The main and 
o r ig ina l  por t ion  o f  i t s  design i s  t h e  receiving device,  which receives  forces  
from the  thorax o f  t h e  t e s t  subjec t  and converts them i n t o  e l e c t r i c a l  
s igna l s .  

C 

c 

n : 

Figure 47. Wheatstone Bridge Ci rcu i t  ( a f t e r  
Ye. B. Babskiy and V.  L. Karpman, 1963). I ,  Diagramof 
br idge;  I I ,  commutation o f  pickups of dynamocardiograph 
receiving device (shown by dotted 1 i ne ) .  

The rece iver  device has the  form of a f l a t  box and cons i s t s  of  two r i g i d  
metal or p l a s t i c  p l a t e s  30 x 30 cm i n  s i z e ,  between which the re  a r e  e l a s t i c  
elements ( s t e e l  r i ngs ,  c a n t i l e v e r  beams or b a l l s )  with wire tensometers 
attached t o  them (usua l ly  constantan).  

The rece iver  device of  the  dynamocardiograph uses a d i f f e r e n t i a l  br idge 
L_ /179 

c i r c u i t  t o  connect t h e  tensometers (Figure 47). The e l e c t r i c  power supply o f  
t h i s  bridge is  with 4000 Hz ac  from an undamped o s c i l l a t o r  connected i n t o  t h e  
supply diagonal o f  t h e  br idge.  

The e l e c t r i c a l  c i r c u i t  of  t he  tensometric ampl i f ie r  used i n  the  dynamo- 
This cardiograph d i f f e r s  from broadly used electrocardiographic  ampl i f ie rs .  

d i f fe rence  i s  determined by t h e  f a c t  t h a t  the  ampl i f ie r  performs 
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amplification o f  ac (carrier frequency) modulated i n  t h e  r ece ive r  device. 
The amplified s i g n a l  i s  then detected using a s p e c i a l  phase-sensit ive 
r e c t i f i e r  bridge,  as a r e s u l t  of which a use fu l  s i g n a l  is produced a t  t h e  
output,  recorded on t h e  osci l lograph i n  t h e  form of a curve -- t h e  dynamo- 
cardiogram. 

A t  t h e  present  t i m e ,  two types of dynamocardiographs are being series 
produced using models developed by members of t h e  s p e c i a l  design bureau 
"Biofizpribor" A. B. Venediktov and M. I .  Tishchenko, together  with 
Ye. B. Babskiy and V. L .  Karpman (1960). The f irst  v a r i a n t  i s  an independent 
three-channel device allowing synchronous. recording of longi tudinal  and 
t r ansve r se  dynamocardiograms and a n  e,lectrocardiogram. The second va r i an t  i s  
a ballistodynamocardiographic attachment t o  the  five-channel e lectrocardio-  
graph produced by t h e  Orion firm (Hungary). 
produced f o r  t h i s  device,  allowing synchronous recording of e lectrocardio-  
gram, dynamocardiogram, ball istocardiogram, phonocardiogram, pulse  o s c i l l a -  
t i o n s  i n  various vessels (sphygmogram and phlebogram), as well as the  
pressure i n  the  cavi t ies  of t h e  hea r t  and main vessels. 

A number o f  attachments are 

Under ac tua l  conditions,  loads which pe r iod ica l ly  change i n  magnitude 
and point  of appl icat ion act  on t h e  r ece ive r  device o f  t he  dynamocardiograph, 
these loads being made up of  t h e  mechanical e f f e c t  of r e sp i r a to ry  movements 
and mechanical processes accompanying the  cardiac contract ion.  

The recording of processes a r i s i n g  during the  work o f  t he  h e a r t ,  during 
movement of t he  mass of t h e  h e a r t  and t h e  mass of blood make up t h e  physio- 
l o g i c a l  essence of dynamocardiography. However, t he  recording o f  a dynamo- 
cardiogram requires  t h a t  movements r e l a t e d  t o  r e s p i r a t i o n  be excluded. 

The problem i s  t h a t  r e s p i r a t i o n  inf luences t h e  de f l ec t ion  of t h e  
dynamocardiograph recorder  approximately 4-5 times more in t ens ive ly  than 
cardiac a c t i v i t y ,  which n a t u r a l l y  makes analysis  of t h e  dynamocardiogram 
recorded during r e s p i r a t i o n  more d i f f i c u l t .  In  order t o  eliminate the  
effects of r e sp i r a to ry  movements, recording of  dynamocardiograms i s  performed 
while t he  tes t  sub jec t  holds h i s  breath (usual ly  a f t e r  moderate exhalat ion) .  

Recording of a dynamocardiogram requires  l i t t l e  time a f te r  some s k i l l  /180 
has been accumulated. 
edge o f  t he  r ece ive r  device i s  a t  shoulder l eve l .  Movement of t h e  tes t  
subject  r e l a t i v e  t o  t h e  receiving device changes t h e  p ro jec t ion  of t h e  
mechanical processes occurring within t h e  thorax and the re fo re  causes 
d i s t o r t i o n  of t he  dynamocardiogram. 
el iminate  t h e  influence o f  t h e  weight: of the  thorax. 

The t e s t  subject  i s  placed on h i s  back so  t h a t  t h e  top  

The br idge balancing a d j u s t e r  i s  used t o  

Then, balancing i s  adjusted with t h e  b rea th  held and the  s t r i p  cha r t  
d r i v e  mechanism i s  s t a r t e d  f o r  t h e  recording o f  t he  dynamocardiogram. 
breath is  he ld  f o r  7-8 sec, allowing recording o f  5-10 ca rd iac  cycles.  
is  q u i t e  s u f f i c i e n t  f o r  ob jec t ive  ana lys i s  o f  t h e  dynamocardiogram under 
q u i t e  var ied conditions.  

The 
This 
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F i g u r e  48. Time Compar- 
ison o f  Longitudinal 
( D K G - 1 )  , Transverse 
(DKG-2) Dynamocard io- 
grams, Electrocardiogram 
( E K G )  , Phonocardiogram 
(PKG) and Carotid Artery 
Sphygmogram (SG) . 

In  order  t o  compare t h e  r e s u l t s  of 
inves t iga t ions  using var ious devices o r  
using a s i n g l e  device recorded i n  var ious 
amplif icat ion modes, and a l s o  f o r  quant i -  
t a t i v e  evaluat ion of t h e  ind ica to r s  of 
card iac  a c t i v i t y ,  dynamocardiographs are 
ca l ib ra t ed .  In  c a l i b r a t i o n ,  a defined 
weight (usual ly  100 g) i s  moved by a given 
d i s t ance  a l t e r n a t e l y  along t h e  longi tudina l  
and t ransverse  axes of t he  receiving 
device.  The value of the  ca l ib ra t ion  index 
( i )  is  determined as follows: 

where P is  t h e  weight of t h e  load ( i n  g ) ,  
2 i s  the  d is tance  over which the  load is  
moved ( i n  cm), D i s  t h e  def lec t ion  of t h e  
osci l lograph beam ( in  mm). The dimension- 
a l i t y  of t h e  c a l i b r a t i o n  index i s  
k="I 

The amplitude equivalent  of any s e c t o r  
on e i t h e r  t he  longi tudina l  o r  t ransverse  
dynamocardiogram i s  defined by mult iplying - /181 
the  height  of a given sec to r  ( i n  mm) by t h e  
value of t h e  c a l i b r a t i o n  index. Calibra- 
t i o n  is  performed a f t e r  inves t iga t ion .  For 
example, when a Load weighing 100 g is 
moved by 10 c m  (load i n i t i a l l y  s e t  at n u l l  
po in t  i n  t h e  cen te r  of the  rece iver  device 
a t  t h e  i n t e r s e c t i o n  of t h e  longi tudina l  and 
t ransverse  a x i a l  l i n e s )  t he  osc i l lograph  
b e q  i s  def lec ted  by 50 mm. 
t i o n  index i n  t h i s  case i s  lO-.lQ.O/SO = 
= 20 g.cm/mm. 
dynamocardiograph s e c t o r  being inves t iga ted  
a t  48 mm, i t s  amplitude i s  800 g*cm, while 
if t h e  height  i s  70 mm i t s  amplitude is  
1400 g-cm, e t c .  

The c a l i b r a -  

With a height  o f t h e  

Longitudinal dynamocardiogram. The recording of  t he  moment o f  forces  
r e l a t i v e  t o  t h e  t ransverse  "zerot1 l i n e  i n  the  r ece ive r  device allows us t o  
produce a longi tudina l  dynamocardiogram. 
with each hea r t  cont rac t ion  (Figure 48, 50).  

This curve is  complex, repeated 
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The p r inc ipa l  waves of t he  dynamocardiogram, corresponding t o  bend 
points  of t h e  curve, are represented with t h e  Latin A,  B ,  C ,  D ,  E ,  F ,  G ,  
H,  while t he  i n t e r v a l s  between them are represented with Roman numerals. 
Points q ,  z ,  and x are a l s o  dis t inguished on the  curve. 

The o v e r a l l  p i c t u r e  o f  t he  longi tudinal  dynamocardiograms of heal thy 
persons remains b a s i c a l l y  i d e n t i c a l .  The waves of t h e  curve i n  t h e  
i n t e r v a l s  I ,  111, V and at t h e  beginning of i n t e r v a l  V I 1  are p o s i t i v e ,  while 
t he  waves i n  i n t e r v a l s  11, I V ,  V I  are negative.  The elevat ion o f t h e  curve 
i n  i n t e r v a l  I is  frequent ly  preceded by a shor t  i n c l i n a t i o n .  In  i n t e r v a l s  I ,  
I1 and 111, t h e r e  are s p l i t s ,  represented by t h e  le t te rs  q, z and x respect-  
i ve ly  (Figure 48).  After e l eva t ion  G-H ( a t  t h e  beginning of i n t e r v a l  V I I ) ,  a 
low-amplitude, aper iodic  o s c i l l a t i o n  follows. 

The p i c t u r e  of t h e  dynamocardiogram i s  determined by displacement o f  t h e  
project ion of t h e  cen te r  of g rav i ty  of t h e  thorax and changes i n  t h e  value o f  
t h e  v e r t i c a l  load. Obviously, t h e  dynamocardiogram r e f l e c t s  t h e  t h r u s t  
processes ( a t r i a l  and cardiac t h r u s t s ) ,  as w e l l  as phenomena r e l a t e d  t o  
movement o f  masses i n  t h e  thorax ( f o r  example, displacement o f  masses of 
blood corresponding t o  s y s t o l i c  volume along t h e  p r inc ipa l  ves se l s ,  displace- 
ment o f  t h e  mass o f  t h e  h e a r t  during the  cardiac cycle,  e t c . ) .  
b a s i s ,  w e  might assume t h a t  c e r t a i n  waves of t he  dynamocardiogram a r e  r e l a t e d  
t o  physiological processes occurring i n  the  c i r cu la to ry  apparatus.  

On t h i s  

Synchronous recording of t h e  dynamocardiogram with the  curve of pressure 
i n  t h e  r i g h t ' v e n t r i c l e ,  esophagocardiogram, electrocardiogram, phono- 
cardiogram and sphy'gmogram o f . t h e  ca ro t id  a r t e r y  have allowed u s  t o  determine 
the  physiological essence of various dynamocardiographic waves (Ye. B .  Bab- 
sk iy ,  V. L. Karpman, 1963; V.  L .  Karpman and L .  A .  I o f f e ,  1960; e t c . ) .  I t  /182 
has been e s t ab l i shed  t h a t  wave A corresponds t o  t h e  beginning of t he  a t r ia l  
sys to l e .  Wave q ref lects  t h e  beginning of t he  contract ion of t he  f i b e r s  of 
t he  myocardium. The absence of t h i s  wave i n  approximately one t h i r d  of t he  
observations r e s u l t s  from t h e  r e l a t i v e l y  low mechanical a c t i v i t y  o f  t he  hea r t  
a t  t he  beginning of t h e  general v e n t r i c u l a r  s y s t o l e .  Point B i s  synchronous 
i n  t i m e  with t h e  beginning of t h e  increase i n  i n t r a v e n t r i c u l a r  pressure and 
t h e  beginning of high-frequency o s c i l l a t i o n s  of tone I on t h e  phonocardio- 
gram. I t ,  t he re fo re ,  ref lects  t h e  beginning of isometr ic  contract ion.  
Point z corresponds t o  t h e  beginning of t h e  anacrote on t h e  curve o f  c a r o t i d  
pulse  (considering t h e  t i m e  of propagation of t h e  pulse  wave). This allows 
us  t o  determine t h e  beginning of t h e  period of expulsion o f  blood using t h i s  
po in t .  

Invest igat ions performed by Y e .  B.  Babskiy e t  a l .  (1953) give us  reason 
t o  be l i eve  t h a t  t h e  formation of wave C i s  r e l a t e d  t o  t h e  end of t h e  i n e r t i a l  
processes accompanying t h e  ca rd iac  t h r u s t  and t h e  beginning o f  expulsion of 
blood from t h e  c a v i t i e s  of  t h e  h e a r t .  These authors showed t h a t  t he  form and 
amplitude of t h e  dynamocardiogram during t h e  i n t e r v a l s  I ,  I1 and V are 
determined by t h e  t h r u s t  processes,  while i n  t h e  remaining i n t e r v a l s  they are 
'determined by displacement o f  masses i n  t h e  human thorax. 
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The genesis of  s e c t o r  C-D depends pr imar i ly  on t h e  displacement of the  
mass of  blood through the  p r i n c i p a l  ves se l s .  
t h e  curve a t  po in t  D i s  r e l a t e d  t o  t h e  a r r i v a l  of a por t ion  of t he  s y s t o l i c  
volume of blood a t  t h e  c a r o t i d  a r t e r i e s  and t h e  decrease i n  t h e  load on t h e  
receiving device r e s u l t i n g  from t h i s .  
formed i n  r e l a t i o n  t o  a change i n  t h e  d i r e c t i o n  of movement of blood 
expended by t h e  hea r t  i n t o  t h e  aor ta :  
ao r t a ,  o s c i l l a t i o n s  a r e  recorded d i r ec t ed  toward t h e  head end of t h e  device 
( sec tor  C-D); t he  displacement of blood through t h e  descending a o r t a  i s  
accompanied by o s c i l l a t i o n s  d i r ec t ed  downward ( sec to r  D-E). I n  one way o r  
another,  t he  p r inc ipa l  inf luence on t h e  formation of  s e c t o r  C-D i s  t h a t  of  
t h e  displacement of  masses of  blood through t h e  p r inc ipa l  ves se l s .  Under 
conditions of muscular work, as wel l  as i n  c e r t a i n  forms o f  card iac  path-  
ology, changes i n  t h e  amplitude of s e c t o r  C-D correspond s a t i s f a c t o r i l y  with 
changes i n  s y s t o l i c  blood volume (V. L. Karpman, 1956; L. A. I o f f e ,  1962). 

I t  i s  assumed t h a t  t h e  bend i n  

I t  i s  a l s o  poss ib l e  t h a t  wave D is  

as t h e  blood moves along t h e  ascending 

Point E corresponds i n  time t o  t h e  beginning of tone I1 and t h e  lower 
poin t  of t h e  inc i su re  i n  the  ca ro t id  a r t e r i e s  on our  sphygmogram (with 
cor rec t ion  f o r  propagation time of pu lse  wave). Consequently, po in t  E of t he  
dynamocardiogram documents t he  moment of c losure  of t h e  semilunar valves ,  o r ,  
which amounts t o  t h e  same th ing ,  t h e  completion of the  p r o t o d i a s t o l i c  per iod.  
Since poin t  E corresponds t o  c losure of t h e  semilunar valves ,  it becomes 
c l e a r  t h a t  t h e  formation of s e c t o r  E-F i s  r e l a t e d  t o  the  "impact" o f  blood 
aga ins t  t h e  closed semilunar valves .  

The mechanism of formation of t he  s e c t o r  of t he  curve i n  i n t e r v a l  V I  i s  - /183 
not  ye t  q u i t e  c l e a r .  

The low-amplitude waves i n  i n t e r v a l  V I 1  apparent ly  r e f l e c t  the  f i l l i n g  
of t h e  v e n t r i c l e s  and atrium with blood. 

Transverse-dynamocardiogram. The t ransverse  dynamocardiogram is  
produced by recording t h e  moments of forces  r e l a t i v e  t o  t h e  longi tudinal  
"zero" l i n e  of  t h e  rece iv ing  device. 
t h a t  displacement o f  t h e  load from l e f t  t o  r i g h t  causes the  osci l lograph beam 
t o  de f l ec t  upward. 

The rece iv ing  device i s  or ien ted  so 

The p i c t u r e  of  t he  t ransverse  dynamocardiogram is more broadly d i f f e r -  
en t i a t ed  than t h a t  of t he  longi tudina l  dynamocardiogram (Figure 48, 50) .  
However, t h e  ind iv idua l  v a r i a b i l i t y  of curves i s  less marked and e s s e n t i a l l y  
cons i s t s  of  varying depths of the  z wave, he ight  of  t h e  C wave, d i r e c t i o n  and 
depth of  the  D wave ( the  p r inc ipa l  waves of  t he  t ransverse  dynamocardiogram 
a r e  represented i n  t h e  same way as t h e  waves of t h e  longi tudina l  dynamo- 
cardiogram). 

The s e c t o r  A-q of t h e  t ransverse  dynamocardiogram is usua l ly  two-phased, 
l e s s  f requent ly  having the  form of a smooth e leva t ion .  Af te r  the  q wave, 
which i s  more frequent ly  observed than on t h e  longi tudina l  dynamocardiogram 
(85%), t he  s teepness  of  the  r i s e  increases  gradual ly .  Point  B i s  sometimes 
rounded or wavy. Frequently,  t h e  q-z s e c t o r  is  reminiscent of t he  l e t t e r  M.  

170 



In these  cases,  po in t  B is  located i n  t h e  "saddle." 
t ransverse  dynamocardiogram i s  frequent ly  l e s s  c l e a r l y  expressed than on t h e  
longi tudinal  dynamocardiogram. 

Thus, point  B on the  

In heal thy persons,  t h e  sec to r  of  curve B-z i s  usua l ly  d i r ec t ed  sharp ly  
downward (sometimes a f t e r  a b r i e f  e l eva t ion ) .  
c l e a r l y  expressed than on the  longi tudina l  dynamocardiogram, and a l s o  
corresponds i n  t i m e  t o  the  beginning of t h e  anacrote on the  c a r o t i d  pulse  
wave, thus r e f l e c t i n g  the  moment of opening of  t he  semilunar valves and t h e  
beginning of blood expulsion. 

The z wave is much more 

A t  po in t  z begins t h e  s t eep  r i s e  i n  t h e  curve which ends with t h e  
C wave. Af te r  t h i s  wave, t he  curve drops, t h e  s teepness  of  t h e  descent 
usua l ly  decreasing s l i g h t l y  a f t e r  po in t  x.  
t he  s p l i t t i n g  i n  t h e  i n i t i a l  po r t ion  of  t h e  C-D wave of t he  longi tudinal  
dynamocardiogram. 
not corresponding i n  time with point  D o f  t h e  longi tudina l  dynamocardiogram), 
a f t e r  which a slow rise begins.  The peak of t h i s  r i s e  (point y) corresponds 
t o  the  beginning of the' i nc i su re  on t h e  ca ro t id  pulse  curve and, thus ,  
r e f l e c t s  t h e  end of expulsion and the  mechanical s y s t o l e  of t he  v e n t r i c l e s .  
The E wave corresponds t o  t h e  beginning o f  tone I 1  and the  lower poin t  o f  
t he  inc i su re .  
( s ec to r  E-F) .  
t ransverse  dynamocardiograms. 

This wave corresponds i n  t i m e  t o  

Further  descent of t h e  curve ends at  point  D ( f requent ly  

Af te r  po in t  E ,  a sho r t  r i s e  i n  the  curve i s  noted 
The G wave was missing i n  a s i g n i f i c a n t  por t ion  o f  the  

The above allows us t o  conclude t h a t  longi tudina l  and t ransverse  
dynamocardiograms can be used t o  perform phase ana lys i s  of t h e  cardiac cycle .  
Thus, t h e  durat ion of t h e  phase of asynchronous cont rac t ion  can be  determined 
on t h e  bas i s  o f  t he  q-B i n t e r v a l ,  r e f l e c t i n g  t h e  process of  propagation of 
t h e  contract ion wave through the  myocardium; the  B-z i n t e r v a l  allows us t o  
determine t h e  durat ion of  t he  phase of isometr ic  contract ion;  i n t e r v a l  z-y 
corresponds t o  the  period of expulsion, while i n t e r v a l  y-E corresponds t o  t h e  
p r o t o d i a s t o l i c  per iod.  Synchronous recording of longi tudina l  and t ransverse  
dynamocardiograms f a c i l i t a t e s  t h e  ca l cu la t ion  of  phase durat ions o f  the  
card iac  cycle (on t h e  longi tudina l  dynamocardiogram t h e  B wave, as a r u l e ,  i s  
c l e a r e r  i n  i t s  configurat ion,  while t h e  gransverse dynamocardiogram shows t h e  
z and y waves more c l e a r l y ) .  The l a t t e r  does not  appear i n  some observat ions 
o f  longi tudina l  dynamocardiograms. 

Synchronous recording o f  longi tudina l  and t ransverse  dynamocardiograms 
with electrocardiograms, phonocardiograms and sphygmograms of  the  ca ro t id  
a r t e r y  (Ye. B. Babskiy and V. L. Karpman, 1957; V. L. Karpman and 
L. A. Io f f e ,  1961) have shown t h a t  phase ana lys i s  of t h e  cardiac cycle  
performed using dynamocardiography produces r e s u l t s  p r a c t i c a l l y  i d e n t i c a l  t o  
t h e ' d a t a  produced on the  b a s i s  of  polycardiographic inves t iga t ion .  

Determination 
i s  of considerable 
o f  t h e  myocardium. 

of t he  dura t ion  o f  t he  i n t e r v a l s  on t h e  dynamocardiogram 
s ign i f i cance  f o r  evaluat ion of  t h e  cont rac t ive  capab i l i t y  

V. L. Karpman (1956) showed t h a t  i n  hea l thy  persons t h e r e  

/184 
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is a dependence between the  durat ion of t h e  i n t e r v a l s  I1 and I11 plus  I V  and 
the  card iac  rhythm. This dependence i s  described by t h e  following formulas: 

are t h e  durat ion of t he  i n t e r v a l s  I1 and I11 plus  I V  and IIII+IV where 111 

respec t ive ly  ( i n  seconds); C i s  the  durat ion of t he  card iac  cycle. 
deviat ions of t h e  ac tua l  durat ion of t h e  i n t e r v a l s  from t h e  normal values 
ind ica t e  d is rupt ions  i n  t h e  c o n t r a c t a b i l i t y  of  t h e  myocardium and hemo- 
dynamics. 

Essent ia l  

Vector dynamocardiogram. The mechanical processes accompanying cardiac 
a c t i v i t y  and displacement of t h e  blood i n  t h e  vesse ls  of t h e  thorax have 
s p a t i a l  o r i en ta t ion .  
using only one ( longi tudinal  o r  t ransverse)  "leadt1 of dynamocardiograms is  
i n s u f f i c i e n t .  

I t  follows from t h i s  t h a t . a  s tudy of  cardiodynamics 

Vector ana lys i s  of dynamocardiograms gives us a more complete accounting 
of  t he  mechanical processes accompanying the  card iac  contract ion.  

A curve charac te r iz ing  t h e  displacement of t h e  equilibrium force  appl ied - /185 
t o  the  rece iver  device i n  dynamocardiography can be constructed by amplitude 
ana lys i s  of t h e  longi tudina l  and t ransverse  dynamocardiograms f o r  each given 
moment. Deflections from t h e  "zero" l i n e  on the  longi tudina l  dynamocardio- 
gram a re  l a i d  out on t h e  ord ina te ,  while def lec t ions  from the  "zerov1 l i n e  on 
the  t ransverse  dynamocardiogram a re  l a i d  out  on t h e  absc issa .  
l i n e  is  passed through poin t  A (both on t h e  longi tudinal  and on the  
t ransverse  dynamocardiograms). 
def lec t ions  of t h e  p r inc ipa l  po in t s .  
vec tor  curves requi res  a g rea t  dea l  of time, which prevents broad i n t r o -  
duction of t h i s  method t o  da i ly  p rac t i ce .  

The "zero" 

I t  i s  s u f f i c i e n t  i n  p r a c t i c e  t o  ca l cu la t e  
The graphic method of contruct ing 

The vector  dynamocardiogram can a l s o  be recorded automatically using a 
cathode ray osci l loscope.  

The vec tor  dynamocardiogram i s  a complex curve (Figure 49), extended i n  
t h e  d i r ec t ion  of t h e  longi tudinal  body ax i s .  
curve cons i s t s  of four  loops: qBz, ZCX, xDy, and yEF. Loop qBz character-  - /187 
izes the  mechanical processes a r i s i n g  during t h e  stress period. 
corresponds approximately i n  time t o  t h e  phase of r ap id  blood expulsion, 
while loop xDy charac te r izes  t h e  mechanical processes i n  the  thorax 
accompanying t h e  displacement of t he  mass of blood a t  t h e  end of t h e  expul- 
s ion  period. 

The s y s t o l i c  por t ion  of t h e  

Loop zCx 

Loop yEF i s  formed a t  t h e  beginning of t h e  d i a s t o l e  of t h e  
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hea r t  i n  connection with t h e  mechanical processes a r i s i n g  during closure o f  
t h e  semilunar vaives.  

A B 

Figure 49. Frontal Vector Dynamocardiogram of 
Healthy Persons. A ,  untrained; B ,  a t h l e t e s  

A q u a n t i t a t i v e  evaluation o f  t h e  vec to r  dynamocardiogram i s  performed i n  
po la r  coordinates,  f o r  which t h e  angle of  i n c l i n a t i o n  of t he  radius-vector  i n  
r e l a t i o n  t o  t h e  p o s i t i v e l y  d i r ec t ed  abscissa  i s  determined, and t h e  d i s t ance  
of t h e  p r inc ipa l  po in t s  t o  the  cen te r  of coordination, i . e .  t h e  s c a l a r  o f  t h e  
radius vec tor ,  i s  calculated.  The angular ra te  o f  r o t a t i o n  of t h e  radius  
vector  (w) i s  determined, along with t h e  l i n e a r  r a t e  of  movement of t h e  po in t  
on t h e  hodograph (v) and - t he  length of individual  s ec to r s  of  t h e  vector  
dynamocardiogram (E2 - R1). 

Vector dynamocardiographic inves t iga t ions  performed under various 
physiological and pathological conditions have revealed a c h a r a c t e r i s t i c ,  
physiological ly  founded dynamics of t h e  p i c t u r e  and q u a n t i t a t i v e  ind ica to r s  
dynamocardiograms, which makes it poss ib l e  to cha rac t e r i ze  t h e  contract-  
a b i l i t y  of t h e  myocardium using t h e s e  f i g u r e s  (L. A. Io f f e ,  1962). 

I 

Dynamocardiographic invest igat ion o f  cardiac a c t i v i t y  of a t h l e t e s .  The 
cardiac a c t i v i t y  of  a t h l e t e s  a t  rest and under conditions of muscular work 
has been s tudied by V. L. Karpman (1956) and L.  A. I o f f e  (1962). it has been 
e s t ab l i shed  t h a t  under rest conditions,  t h e  p i c t u r e  o f  longi tudinal  dynamo- 

persons. 
,cardiograms has c e r t a i n  s p e c i f i c s  i n  comparison t o  t h e  curves of untrained 

The x wave i s  considerably more frequent ly  encountered and more 
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c lea r ly  expressed (Figure 
of t he  C wave d i f f i c u l t .  

SO), which i n  some observations made the  de f in i t i on  

Figure SO. Variants o f  Longitudinal and Transverse 
Dynamocardiograms i n  Athletes. 

In a number of  observations,  t h e  E and F waves were absent or expressed 
as hardly not iceable  s teps .  
cases was a s t r a i g h t  l i n e  (Figure 50).  

In the  in t e rva l  D-G,  t he  curve sec to r  i n  these 
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I 

The amplitude o f  t he  sec to r s  B-C and C-D was moderately lower i n  compar- 
i son  with t h e  curves of untrained persons.  

The durat ion o f  t h e  i n t e r v a l s  o f  a t h l e t e s '  dynamocardiograms, according 
t o  our  data ,  general ly  correspond t o  the  durat ions expected for a given 
rhythm. Only a moderate lengthening o f  i n t e r v a l  I11 (C-D) and i n t e r v a l  V I 1  
(G-A) were noted (Table 11) .  

The mean durat ion of i n t e r v a l s  on the  dynamocardiogram of hea l thy  but  
untrained persons and a t h l e t e s  ( i n  seconds) a r e  presented i n  Table 11. 

, The appearance o f  t h e  t ransverse  dynamocardiogram b a s i c a l l y  corresponded 
t o  curves recorded f o r  untrained persons. 
of a high x wave, and i n  some observations an equally high C wave 
(Figure 50). Frequently, t h e  D wave was of  lower depth than t h a t  o f  
untrained persons,  and i n  ind iv idua l  observations t h i s  wave was found t o  be 
"inverted" (see Figure 50). 

We could note  only t h e  appearance 
/188 - 

TABLE 1 1 .  MEAN DURATION OF INTERVALS O N  DYNAMOCARDIOGRAM OF HEALTHY 
U N T R A I N E D  PERSONS AND ATHLETES 

( i n  sec) 

... .- ........ - 
Category of 
test subjects 

. . . . . .  ._ . . .  

Untrained persons 

,Athletes 

Tr. Note: Commas indica te  decimal po in ts .  

The amplitude o f  individual  s ec to r s  of t h e  t ransverse  dynamocardiogram 
of a t h l e t e s  remains p r a c t i c a l l y  unchanged, with the  exception of t h e  D-y 
sec to r ,  where it i s  not iceably  decreased. 

The ove ra l l  appearance of t h e  vector  dynamocardiograms of a t h l e t e s  does 
However, d e t a i l e d  ana lys i s  not d i f f e r  from t h e  curves of  untrained persons.  

allowed L. A. I o f f e  (1962) t o  note  c e r t a i n  changes ( l e s s  i n  the  general  
appearance of t h e  curve than i n  i t s  quan t i t a t ive  ind ica to r s )  (Table 12).  

We can see  from Table 1 2  t h a t  t h e ' q u a n t i t a t i v e  ind ica to r s  of  t h e  vec tor  I_ /189 
dynamocardiograms of a t h l e t e s  during var ious phases of t h e  card iac  cycle  

. d i f f e r  from those  of  untrained persons. 
h ighes t  angular ve loc i ty  i s  noted i n  t h e  B-z i n t e r v a l ,  t h e  h ighes t  l i n e a r  
ve loc i ty  i n  t h e  C-D i n t e r v a l .  i n  a t h l e t e s ,  t h e  maximum angluar end l i n e a r  

Thus, i n  untrained persons t h e  

175 



v e l o c i t i e s  a r e  noted i n  t h e  z-C i n t e r v a l .  
i nd ica to r s  o f  vec tor  dynamocardiograms of a t h l e t e s  and untrained persons i n  
var ious i n t e r v a l s  i nd ica t e s  a reduct ion i n  the  mechanical a c t i v i t y  of t h e  
h e a r t  of a t h l e t e s  p r a c t i c a l l y  throughout t he  e n t i r e  s y s t o l e  (with the  
exception o f  t h e  z-C i n t e r v a l ,  which charac te r izes  t h e  mechanical processes 
a t  t he  beginning of t h e  per iod of expulsion).  
and l i n e a r  v e l o c i t i e s  i n  t h i s  i n t e r v a l  r e f l e c t s  t h e  more powerful beginning 
o f  emptying of t he  v e n t r i c l e s  than i n  untrained persons. 
t i o n  i n  the  mechanical a c t i v i t y  o f  t h e  hea r t  of  a t h l e t e s  a t  r e s t  is  ind ica ted  
by the  decrease i n  summary length of  s ec to r s  o f t h e  s y s t o l i c  complex 
(3630 g-cm, as aga ins t  4030 gecm f o r  untrained persons) and t h e  decrease i n  
the  mean s y s t o l i c  l i n e a r  rate ( l l . 2*103  g*cm/sec, as aga ins t  
13.5- l o 3  g*cm/sec for untrained persons) . 

Comparison o f  q u a n t i t a t i v e  

The increase  i n  the  angular 

The general  reduc- 

The change i n  the  p i c t u r e  of longi tudinal  and t ransverse  dynamocardio- 
grams and vec tor  dynamocardiograms, t h e  decrease i n  the  amplitude of t h e  main 
s y s t o l i c  wave ( sec to r  C-D) of t he  longi tudina l  dynamocardiogram, the  decrease 
i n  the  number of q u a n t i t a t i v e  ind ica to r s  of t h e  vec to r  dynamocardiogram 
r e s u l t  from s p e c i f i c s  of t h e  card iac  a c t i v i t y  of t h e  a t h l e t e  a t  r e s t .  

T A B L E  1 2 . .  CHARACTERISTICS OF !NTERVALS OF SYSTOLIC COMPLEX OF 
VECTOR DYNAMOCARD I OGRAMS OF ATHLETES 

-... . .  "-,. 1.- . . . . . . . . . . . . . . .  

Intervals 
- ........... 

n -- 2: 
f c 
c---  n 
n ,, 

4 

. . . .  
7 : -  7 :  1 Radium 

....... -. . . . . .  

44 1 

7.52 

. 1s:;o 
(i I O  

(400) 

(820) 

(1 :!03) 

(910) 

............ 

0,010 
(ci ,03:! ) 
G,O.lS 

(0,057) 
0 , 135 

( 0 ,  12.5) 
0,103 

(0 : 077) 

... ...... 
v .IO'. 

g- cm/sec 

11 ,!i 
( 1  :? , ") 
1G,0 

(14,3) 
13,G 

( IC) , ? )  
681 

( I  1 ,S) 

> . . 

. . . . . . . . . . .  
w 

R a d i d s e c  
.. -. - --  

xi, G 
(.3, I ! )  

G?,!) 
(35 ,S) 

1 t5 , 4  
(21 ,O)  

4 , 5  
(9 ,9) 

Notes: 
t i v e l y  directed absc issa ;  R2 and K1 show l e n g t h  of sec tor  o f  vector  
dynamocardiogram; t shows durat ion o f  vector  dynamocardiogram in t e rva l ;  
v shows l inea r  r a t e  o f  ro t a t ion  o f  radius vec tor ;  o shows angular r a t e  o f  
ro ta t ion  of radius vector .  2 .  Parentheses include ind ica tors  of vector  
dynamocardiograms of  healthy b u t  untrained persons. 

1 .  $2 and $1 a r e  - angle o f  inc l ina t ion  o f  radius vector t o  posi-  

Tr. Note: Commas indica te  decimal points  
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V.  L .  Karpman (1956) inves t iga ted  the  inf luence  o f  f o r t y  deep knee bends 
The most important of t he  amplitude and time p e r  minute on card iac  a c t i v i t y .  

changes i n  t h e  longi tudina l  dynamocardiogram which he observed a r e  shown i n  
Table 13. 

Judging from average da ta ,  t h e  card iac  rhythm increased by approximately 
SO%, ind ica t ing  a c l e a r  r eac t ion  of  t h e  cardiovascular  system t o  t h e  muscular 
work. Restorat ion of  t h e  i n i t i a l  rhythm was observed af ter  about 3.5 min 
following completion of work. 

The durat ion of t h e  I 1  i n t e r v a l  was shortened by 0.01-0.05 sec (by an 
average of 0.027 sec) .  Shortening of t he  dura t ion  of  i n t e r v a l s  I11 + I V  
i n  many cases  reached 0.10-0.15 sec ,  and averaged 0.055 sec .  
i n t e r v a l s  I 1  + I11  + IV (mechanical s y s t o l e  of  t h e  v e n t r i c l e s  toge ther  
with t h e  pro todias to le )  was shortened by 0.02-0.17 sec.  

The 

Restoration of i n i t i a l  dynamocardiographic ind ica to r s  occurs most 
i n t ens ive ly  during the  first 1 1 / 2  min. 

The change i n  t h e  appearance of t he  curves i s  pr imar i ly  determined by 
The most important a r e  the  increase  i n  t h e  amplitude of  amplitude s h i f t s .  

amplitude s h i f t s  of s ec to r  C-D c o r r e l a t e  s a t i s f a c t o r i l y  with t h e  d a t a  of 
o the r  authors on changes i n  s y s t o l i c  volume under the  inf luence of measured 
muscular work. 

,190 the  dynamocardiogram i n  i n t e r v a l  111. A t  t he  same time, t he  r e l a t i v e  - 

TABLE 13. MEAN VALUES OF C E R T A I N  D Y N A M O C A R D I O G R A P H I C  I N D I C A T O R S  
B E F O R E  AND AFTER P H Y S I C A L  WORK (40 D E E P  K N E E  B E N D S )  I N  ATHLETES 

._ ,, . .  . . . . . . .  ~ ..... ._ . . . .  -. 

Indicators 

Pulse frequency per inin 
Duration of interval 11, insec 
Diirntion of interval I11 + IV, msec 

Duration of interval I1 + I11 + IV, msec 
Intrasystolic indicator of dynamo- 
cardiogram, 70 
Increase in amplitude of sector 
C-D after load, % 

. . . . . . .  -.. ..... . . . .  . . .  
Investigation time after 

Note: Parentheses include values normal for g i v e n  card iac  rhythm. 

Tr. Note: Commas indica te  decimal p o i n t s .  
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TABLE 14. CHANGES I N  DYNAMOCARDIOGRAPHIC I N D I C A T O R S  AS 
A F U N C T I O N  O F  MUSCULAR WORK O F  VARIOUS L E V E L S  OF D I F F I C U L T Y  

. .  
*~ ___..... I_ .,~ _.......-.-C.,l __ ̂ .__ _-_ " ._II__.._..__,.._._ _..., r _  

_I -.."- .. .-,.. ".-_ ____.--_ ../. 
Duration of interval II,, Duration of intervals, Increase in'amplitude of 

.. sector C-D after loading, 
percent of initial ampli- ' 

Number of deep, -L!c:----- 
.knee bends 

I-_ I11 +IV, . _. sec 

After After load- 
At loading ; tude 

* .  -. - ____ ..- - 

T r .  Note: Commas indica te  decimal p o i n t s .  

Using dynamocardiography, we can evaluate  t h e  degree of  the  inf luepce of  
muscular work of  var ious l e v e l s  of  d i f f i c u l t y  on card iac  a c t i v i t y .  
example i s  t h e  following observation (V. L. Karpman, .1956). 

An 

Master of  spo r t s  T, European champion rower, 30 years  old.  Dynamo- 
cardiogram recorded on var ious days before  and a f t e r  20, 40 and 50 deep knee 
bends (Table 14).  

The changes i n  the  s y s t o l i c  complex of  t h e  dynamocardiogram a r e  de t e r -  
mined by r e s t ruc tu r ing  05 card iac  a c t i v i t y  under t h e  inf luence  of ex t ra -  
card iac  nerves and humoral i no t rop ic  inf luences.  V. L .  Karpman (1956) 
assumes t h a t  t h e  inf luence  of t he  s t imula t ing  innerva t ion  can be determined 
by comparing t h e  ac tua l  durat ion of i n t e r v a l s  on t h e  dynamocardiogram with 
t h e  expected values.  The expected values  show t h e  changes which should occur 
under t h e  i s o l a t e d  inf luence  of t h e  acce le ra t ing  nerves.  Table 13 c l e a r l y  
demonstrates t h a t  t h e  durat ion of i n t e rva l  I1 is s h o r t  i n  comparison with the  
expected values,  while t h e  durat ion of  i n t e r v a l s  I11 + I V  general ly  
corresponds t o  the  expected values.  This g ives  u s  reason t o  be l ieve  t h a t  the  
changes i n  dura t ion  of i n t e r v a l s  I11 + I V  r e s u l t  from an increase  i n  
card iac  rhythm under load, while the  changes i n  durat ion o f  i n t e r v a l  I1 and 
t h e  mechanical s y s t o l e  a r e  determined by some addi t iona l  f a c t o r s ,  including 
most probably the  inf luence  of  Pavlov's s t imula t ing  nerve. The s t imula t ion  
of card iac  cont rac t ion  i s  accompanied by an acce lera ted  increase  i n  i n t r a -  
v e n t r i c u l a r  pressure.  Consequently, i n t e r v a l  11, which includes the  phase o f  
isometr ic  cont rac t ion ,  should be s h o r t e r  than the  expected value.  The degree 
of shortening of i n t e r v a l  I1 depends l i t t l e  on t h e  increase  i n  pulse  
frequency, and i s  shortened considerably even with minimal increase  i n  pulse  
frequency, whereas the re  i s  a proport ional  dependence between the  shortening 
of i n t e r v a l s  I11 + I V  and t h e  increase  i n  pulse  frequency. 

These da t a  were confirmed by us (L.  A. Io f f e ,  1962) i n  a study of t h e  
dynamics o f  t h e  ind ica to r s  of t he  dynamocardiogram under t h e  inf luence of  
h igh- in tens i ty  loading. The t e s t  sub jec t s  pedaled on a b i cyc le  ergometer 
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f o r  f ive minutes a t  a r a t e  of 1,100 kg-m/min. 
dynamocardiograms, t ransverse  dynamocardiograms and vec tor  dynamocardiograms 
were recorded. 

In  addi t ion  t o  longi tudinal  

/I z 
z -  c c - D 

I . , - - y  
I < - -  y 

Due t o  t h e  high power of t h e  work, amplitude s h i f t s  were more c l e a r l y  
expressed. 
cardiogram was increased by an average of  88%,  and on the  t ransverse  
dynamocardiogram by 97%. In correspondence with t h i s ,  t he  amplitude of 
s e c t o r  C-D o f  t he  vec tor  dynamocardiogram i s  doubled (maximum increase  
3.5 t imes) .  

Thus, t h e  amplitude of  s e c t o r  C-D i n  t h e  longi tudina l  dynamo- 

10,9 22,s 
1G,7 4 4 , 2  
13,7 31,2 

G , G  23,? 
l I , 5  30,:) 

The amplitude s h i f t s  inf luence changes i n  the  appearance of t h e  longi- 
t ud ina l  and t ransverse  dynamocardiograms and p a r t i c u l a r l y  of  t h e  vector  
dynamocardiograms (Figure 51). The t o t a l  length of  s ec to r s  of  t he  s y s t o l i c  
complex were sharply i n c r e a s e d . a f t e r  t h e  work, averaging 6,870 g-cm. A 
comparison of  t h e  amplitude changes i n  t h e  vec to r  dynamocardiogram with the  
l i t e r a t u r e  da t a  on changes i n  s y s t o l i c  volume and volume pe r  minute under 
t h e  inf luence of  loading showed t h a t  they were propor t iona l .  
t h e  r o l e  of card iac  output i n  the  formation of  t he  curve of  displacement of  
t h e  cen te r  of  grav i ty  of  t he  thorax. 
during muscular work is  r e f l e c t e d  as a sharp increase  i n  the  l i n e a r  ve loc i ty  
during t h e  s y s t o l e  (Table IS). 

This ind ica t e s  
/192 - 

The reinforcement of card iac  kinematics 

T.ABLE 15. CHANGES I N  L I N E A R  V E L O C I T Y  ( v )  I N  INTERVALS OF 
SYSTOLIC COMPLEX OF V E C T O R  DYNAMOCARDIOGRAMS OF ATHLETES U N D E R  

I N F L U E N C E  OF MUSCULAR W O R K  

L. -..-. .-.. . . .  . . . . .  . . . . . . . . . . . . . .  I . . . . . . . . . . . . . . . . . . .  Linear ve loc i ty  V * I O J  .- g.cm/sec - - 
In te rva ls  1 A t  r e s t  130 sec a f t e r  mus- 

Cu  1 a r work -'... . . . . . . . . . .  - .... 
I I 

Tr. Note: Commas indica te  decimal po in ts .  

Table 16 shows t h e  changes i n  dura t ion  of phases of the  card iac  cycle  
during t h e  recovery per iod according t o  t h e  da t a  of  'dynamocardiography. 
These changes are similar t o  those observed when the  polycardiographic method 
is used. 

I n i t i a l  dynamocardiographic ind ica to r s  i n  most t e s t  subjec ts  were 
r e s to red  by t h e  f i f t h  minute. The na ture  and durat ion of t he  recovery per iod /193 
allows us t o  make some judgment concerning t h e  func t iona l  s t a t e  of  t h e  
myocardium. 
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T A B L E  16. CHANGE I N  DURATION OF PHASES OF CARDIAC CYCLE I N  
ATHLETES DURING RECOVERY P E R I O D  

-. 

Time of investi-, 
gation 

.... -__ - - 
. Data at rest 
TTime after com- . 

pletion of work ' 
0.5 
I ,5 
2 , :I 
:{ ,5 
4,s 
5,s 
(3,s 

I 

- . .  
I ,:) 

-I- ...... ._- - . .- - . _. .. ._.. . - _.. . - .. . .  

1 ,os2 

, 0,650 
0,SIO 

' o,s15 

0 ,  SS.5 
: o,sn-1 

0,834 
' 0,960 

, %'J 

0,026 
0 ,0:3 ! 
0,0 3 
0 ,036 
0,o:;s . 
0,0-10 
0,o-10 
0,O" 

. .. , .. - , . . 
rpulsion 
'eriod 
sec . 
0,276 

0,196 
O , X ?  
0,246 
0,251 
0,XiO 
O , ? f G  
0,367 
O,?j .O 

, . . __ .- . . 

Tr. Note: Commas ind ica te  decimal po in ts .  

Master of  spo r t s  A-n, 24 years  old,  400-m runner. Has no complaints. 

Figure 51 shows A-n's vec tor  dynamocardiogram a t  r e s t  and a f t e r  
Volume and i n t e n s i t y  of t r a i n i n g  load during period preceding inves t iga t ion  
moderate. 
30 sec following f i v e  minutes pedaling on b icyc le  ergometer. 
curves show changes i n  ca rd iac  kinematics and hemodynamics i n  r e sp i r a to ry  
c i r cu la t ion .  Thus, t h e  change seen i n  c e r t a i n  po in t s  of t h e  vector  dyriamo- /194 
cardiogram, p a r t i c u l a r l y  po in t s  B, Z ,  C and D, i n  quadrants I1 and I11 of t h e  
rectangular coordinates ,  i . e .  s h i f t s  t o  the  ri .ght,  i n d i c a t e  reinforcement of  
mechanical a c t i v i t y  o f  t h e  r i g h t  v e n t r i c l e .  Reinforcement of t he  ap ica l  
t h r u s t  is  r e f l e c t e d  i n  an increase  i n  the  s c a l a r  of  t h e  rad ius  vec tor  drawn 
t o  poin t  C. 
t he  length of s e c t o r  C-D of  the  vector  dynamocardiogram (4,190 g-cm; a t  
r e s t  -- 1,696 g-cm). A r e f l e c t i o n  of t he  ove ra l l  reinforcement of mechanical 
a c t i v i t y  of  t h e  hea r t  during t h e  s y s t o l e  i s  t h e  increase  i n  summary length o f  
s ec to r s  of  t he  s y s t o l i c  complex (7,180 g-cm; a t  .rest -- 3,900). 
with t h e  reinforcement of card iac  kinematics, t he  l i n e a r  rate o f  displacement 
of t h e  poin t  on t h e  hodograph increases  sharply:  
ve loc i ty ,  13. 1*103 g*cm/sec, i s  increased t o  33. 2*103 g*cm/sec. A shortening 
o f  t h e  phases of  asynchronous and isometr ic  cont rac t ion  i n  the  per iod of  
expulsion i s  noted. A t  rest, t h e i r  durat ion amounts t o  0.86, 0.84 and 
0.28 sec  respec t ive ly ,  while a f t e r  loading these  f igures  change t o  0.05, 
0.01 and 0.19 sec.  

Changes i n  

- 

The increase  i n  s y s t o l i c  volume i s  documented by an increase  i n  

In connection 

t h e  i n i t i a l  mean s y s t o l i c  

Five minutes a f t e r  completion of t h e  work, r e s t o r a t i o n  of  the  inves t -  
iga ted  ind ica to r s  t o  t h e i r  i n i t i a l  values was noted. 
changes occurring under t h e  inf luence of muscular work and t h e i r  rap id  
recovery ind ica t e  high con t r ac t ive  capaci ty  o f  t h e  myocardium of  t h i s  t e s t  
sub j e c t  . 

The na ture  of the  
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Figure 51. Frontal Vector Dynamocardiogram 
o f  Master o f  Sports  A. S o l i d  l i n e ,  a t  r e s t ;  
d o t t e d  l i n e ,  a f t e r  muscular work. 

Thus, dynamo- 
cardiography makes it 
poss ib le  t o  consider 
f i n e  changes i n  the  
mechanical manifest-  
a t i o n s  o f  card iac  
a c t i v i t y .  I t  can be 
assumed t h a t  t h e  
method w i l l  be usefu l  
f o r  a study of  t h e  
card iac  a c t i v i t y  of  
a t h l e t e s  a t  r e s t  and 
under condi t ions o f  
muscular work. 
P a r t i c u l a r l y  g r e a t  
s ign i f i cance  f o r  
ob jec t ive  evaluat ion 
of  t h e  cont rac t ive  
capaci ty  of t h e  myo- 
cardium i s  t h a t  o f  t h e  
usage, toge ther  with 
da t a  on the  phases of 
t h e  card iac  cyc le ,  of 
new q u a n t i t a t i v e  
ind ica to r s  character-  
i z i n g  t h e  displacement 
of  t h e  cen te r  of  
g rav i ty  of t h e  thorax. 

Ba 1 1 i s toca rd i ography 

Bal l i s tocard io-  
graphy i s  one of t he  l a t e s t  methods f o r  studying the  cardiodynamics 
of  humans. 

Modern ba l l i s tocard iography was developed by S t a n  (1939), who designed 

S t a r r  suggested the  cu r ren t ly  genera l ly  used symbol- 
t he  high-frequency ba l l i s toca rd iog raph ic  t a b l e  with na tu ra l  o s c i l l a t i n g  
frequency-of  12-14 Hz. 
i z a t i o n  of  t h e  waves on t h e  bal l is tocardiogram. In 1944, Nickerson and 
Cur t i s  developed a low-frequency, c r i t i c a l l y  damped ba l l i s tocard iograph .  
Then, Rappaport (1956), Noordergraaf (1958) and o thers  suggested ul t ra low- 
frequency bal l is tocardiographs- .  

Using t h e  systems j u s t  mentioned, the  o s c i l l a t i o n s  o f  a platform 
r e s u l t i n g  from t h e  mechanical a c t i v i t y  of t he  hea r t  of a t e s t  sub jec t  lying 
on t h e  platform are recorded. 
i n d i r e c t  bal l is tocardiography.  

This group of methods has come t o  be c a l l e d  
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In 1949, Dock and Taubman suggested a method of direct recording of the 
oscillations of individual sectors of the body arising during the work of the 
heart, which has come to be called direct vallistocardiography . 
ballistocardiography has not become widely used due to the cumbersomeness and - /195 
complexity of the apparatus, as well as the difficulty of its utilization. 

Indirect 

In contrast to this, direct ballistocardiography, due to the simplicity 
and ease of the method, has come to be rapidly introduced into medical 
practice in the area of physiological investigations both abroad and in the 
USSR. 
our country has been played by V. V. Parin. 

A great role in the popularization and development of the method in 

When direct ballistocardiography is used, displacements of various body 
sectors resulting from displacements of the center of gravity of the body as 
a result of cardiac activity are recor'ded. The micromovements of the body 
are recorded by the receiving devices are forced oscillations, arising as a 
'result of the work of the heart and the movement of blood in the principal 
vessels. #. 

5allistocardiographic techniques. In the practice of medical testing 
of athletes, devices are generally used which record direct velocitv 
ballistocardiograms. 
cardiograph, consisting of a plate with an induction coil, a stator carrying 
a magnet and a support of shaft filled with sand. 

An example of one such device is the Dock ballisto- 

In Dock type devices, the ballistocardiogram may be recorded using 
piezoelectric, photoelectric or optical pickups. In order to record velocity 
ballistocardiograms, electromagnetic pickups are used, while acceleration 
ballistocardiograms are recorded using accelerometers. As our investigations 
have shown, the usage of such a portable ballistocardiograph for the 
investigation of athletes not only in the laboratory but under field condi- 
tions justifies itself fully. 

In order to improve the quality of ballistocardiogram curves produced, 
they should be recorded directly on the floor. 
on a matress up to the level of the popliteal fossae, and the sand-filled 
bars placed beneath the Achilles tendon. 
identical conditions of rest. For recognition of the ballistocardiographic 
waves, it is desirable to record an electrocardiogram simultaneously, which 
can be done if a two-channel device is used. 

The test subject is placed 

Recording is always performed under 

Normal ballistocardiogram. The direct ballistocardiogram differs 

Since these systems have not been used in sports 
significantly in its appearance from low-frequency and ultralow-frequency 
ballistocardiograms. 
medicine, in the following we will analyze only direct ballistocardiograms. 
Ballistocardiograms of this type are somewhat reminiscent of a sine wave, 
periodically repeated. The H, I, J, K waves (Figure 52) arise during the 
ventricular systole, while the L, M, N, 0 and G waves arise during the 
diastole. 
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The genesis  o f  t h e  H wave is  complex. I t  i s  r e l a t e d  both t o  t h e  a t r ia l  /196 
s y s t o l e  (Nickerson, 1944) and t o  t h e  movement o f  t h e  a t r i o v e n t r i c u l a r  septum 
toward the  head during t h e  phase of isometr ic  cont rac t ion  af the  v e n t r i c l e s  
(Dock, Mandelbaum, 1953). 

The I wave appears as a r e s u l t  of t h e  r e c o i l  r eac t ion  occurring during 
r ap id  expulsion of blood from t h e  v e n t r i c l e s .  

Figure 52. Normal Acceleration Ballistocardiogram of Well 
Trained Ath le te  (Class I Accord ng t o  Lap ic i r e l l a  C las s i f i c -  
a t ion )  Shown w i t h  R Wave of E K G .  I I ,. sphygmogram; 
I l l ,  phonocardiogram (Botkin 's  po in t ,  frequency character-  
i s t i c  c ~ ) .  

The ven t r i cu la r  J wave i s  recorded a t  t he  end of  t h e  phase of rap id  
expulsion and r e s u l t s  from slowing of t he  blood flow a s  it moves through the  
a r c  o f  t he  ao r t a .  

The K wave i s  observed a t  t h e  end of  the  v e n t r i c u l a r  sys to l e .  I t  i s  
formed p r inc ipa l ly  by forces  ac t ing  upon impact with t h e  b i fu rca t ion  of t h e  
ven t r a l  aor ta .  

The L,  M, N ,  0, e t c .  waves a r i s e  during the  v e n t r i c u l a r  d i a s to l e .  

I t  should be noted t h a t  t he  genesis  of  bal l is tocardiogram waves i s  not 
completely c l e a r  and has not been completely s tud ied  as ye t .  

The amplitude of  t he  waves of t he  bal l is tocardiogram, i n  p a r t i c u l a r  t h e  
magnitude of  s e c t o r  I-J i s  determined b y e t h e  energy expended by the  hea r t  on 
t h e  expulsion of  blood. Both the  r a t e  of expulsion and t h e  quant i ty  of blood 
expel led a re  of  considerable  s ign i f icnace .  Theore t ica l ly ,  t h e  dependence 
between these  values  and the  quan t i ty  of energy expended on expulsion of t h e  
blood can be expressed a f t e r  S t a r r  (1931) by t h e  formula f o r  t he  v i t a l  force :  
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blood expended, 

/197 t h a t  t h e  
o f  the  blood - 

where F is  the  v i t a l  fo rce  (BKG-effect), m i s  t h e  quan t i ty  of  
v i s  t h e  ve loc i ty  of expulsion. I t  follows from t h i s  formula 
ba l l i s tocard iogr&hic  e f f e c t  v a r i e s  i n  proport ion t o  the  mass 
expended and t o  the  square of t h e  ve loc i ty  of  s y s t o l i c  expulsion. This has 
been confirmed i n  experiments on corpses by S t a r r  (1958) who showed t h a t  as 
t h e  expulsion of blood i n t o  t h e  vascular  lumen is  re ta rded  by SO%, t h e  e f f o r t  
o f  t h e  card iac  cont rac t ion  i s  decreased by 75%. 
t u r n  depends on such ind ica to r s  as t h e  pressure  i n  t h e  ao r t a  and pulmonary 
a r t e r y  and t h e  cross  sec t ion  of t hese  ves se l s .  

The rate of expulsion i n  

The amplitude of t h e  waves on the  ba l l i s tocard iograph  and the  dura t ion  
of  i t s  i n t e r v a l s  change considerably with the  phases of  r e sp i r a t ion .  

Detai led s t u d i e s  of r e s p i r a t o r y  f luc tua t ions  were made by S t a r r  and 
Schroeder (1940), De Lalla and Brown (1959), who showed t h a t  during inhal-  
a t i o n  t h e  ba l l i s toca rd iog raph ic  e f f e c t  of t h e  r i g h t  v e n t r i c l e  predominates, 
while during exhalat ion t h e  e f f e c t  of t he  l e f t  v e n t r i c l e  predominates i n  
connection with the  v a r i a t i o n  i n  blood f i l l i n g  o f  t h e  c a v i t i e s  of t he  hea r t .  

The amplitude of  t h e  ba l l i s tocard iographic  waves i s  a l s o  influenced by 
cons t i t u t iona l  f a c t o r s  and age va r i a t ions  i n  the  t i s s u e s  and organs, with 
which the  frequency of  na tu ra l  o s c i l l a t i o n s  of  t h e  body changes and the  
degree o f  damping increases  (Tannenbaum, Vessel, Schack, 1956). In  S t a r r ' s  
opinion, t h e  amplitude of I-J decreases with age. 

Thus, i n  evaluat ing bal l is tocardiograms we must consider a l l  of  t hese  
f a c t o r s  . 

The s tudy of t h e  func t iona l  s t a t e  of  t he  cardiovascular  system by t h e  

In  a q u a l i t a t i v e  charac te r iza t ion ,  we consider  the  morpho- 
ba l l i s toca rd iog raph ic  method assumes .qua l i ta t ive  and q u a n t i t a t i v e  evaluat ion 
of t he  curves. 
l o g i c a l  changes of  t he  complexes, t he  r e g u l a r i t y  of t h e i r  a l t e r n a t i o n  and 
d is rupt ions  i n  t h e i r  i n t e r r e l a t i o n s h i p s .  

In  1940, S t a r r  suggested a c l a s s i f i c a t i o n  f o r  bal l is tocardiograms,  
which takes  i n t o  considerat ion changes i n  t h e  s y s t o l i c  complex ind ica t ing  a 
reduct ion i n  c o n t r a c t a b i l i t y  of  t h e  myocardium. They include:  1)  t he  
increase  of  t h e  H wave or s p l i t t i n g  of t he  J wave, which are represented as 
"ear ly  M"; 2) an increase  i n  the  L wave, t h e  amplitude of  which becomes equal 
t o  or nea r ly  equal t o  t h e  magnitude of J,  represented as !'late M." 

A change i n  t h e  appearance when the  K wave i s  sharply deepened with 
small H and smooth J is  c a l l e d  " l a t e  negat ive def lec t ion ."  

In  additon t o  these  forms, intermediate  forms were dis t inguished,  
including those with s p l i t  or wavy na ture  o f  ind iv idua l  waves. 
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Later, a number of  c l a s s i f i c a t i o n s  have been suggested t o  evaluate 
changes i n  bal l is tocardiograms by degrees. However, t h e  most common class- 
i f i c a t i o n  i s  t h a t  of Brown, De Lalla, Hoffmann and Epstein (1952), i n  which 
the  r e sp i r a to ry  va r i a t ions  of  t h e  curve are taken i n t o  considerat ion.  Five 
morphological va r i an t s  o f  t h e  curves are d i f f e ren t i a t ed :  ' 

zero s t e p  -- unchanged ball istocardiogram; 
I s t e p  -- a t  t h e  output,  t h e  amplitude of  IJ of  t he  minimum complex i s  less 
than 50% of  t h e  m a x i m u m  amplitude of  t h e  sec to r ;  quant i ty  of decreased 
complex i s  less than 50%; 
I1 s t e p  -- quant i ty  of decreased complex i s  less than 50% of those recorded; 
I I I  s t e p  -- amplitudes of  waves a t  input reduced, during output complexes are 
deformed; 
I V  s t ep  -- chaot ic  curve of  low amplitude. 

/198 

As t h e  cont rac t ive  funct ion of t h e  myocardium is  decreased, changes i n  
bal l is tocardiograms of  s t eps  I11 and I V  are noted. 

In  order  t o  evaluate  t h e  bal l is tocardiograms of a t h l e t e s ,  t h e  Lapici- 
r e l l a  c l a s s i f i c a t i o n  is  used (1958) : 

I s t e p  -- absolutely normal bal l is tocardiogram; 
I1 s t e p  -- sum of complexes d i s t o r t e d ,  amplitudes decreased; 
I11 s t e p  -- a l l  complexes d i s to r t ed ,  amplitudes decreased; 
I V  s t e p  - -  voltage of  complexes decreased, complexes d i s t o r t e d  beyond 
recognition. 

One defect  of t he  S t a r r  and Lap ic i r e l l a  c l a s s i f i c a t i o n s  i s  the  absence 
of analysis  of resp i ra tory  f luc tua t ions  i n  the. curve, while the  Brown class- 
i f i c a t i o n  does not consider morphological changes i n  individual  complexes of 
t h e  ball istocardiogram. This has led t o  the  development of new c l a s s i f i c a -  
t i o n s  and supplements t o  ex i s t ing  c l a s s i f i c a t i o n s .  One such attempt i s  t h e  
method suggested by R. M.  Bayevskiy i n  1962 of evaluating morphological 
changes which allows us t o  judge both concerning the  amplitudes of  waves and 
the  form of individual  complexes. 

Quant i ta t ive ana lys i s  of ball istocardiograms cons i s t s  of  measurement of 
t h e  amplitude of waves and t i m e  i n t e r v a l s  with subsequent ca lcu la t ion  of  
r e l a t i v e  ind ica tors ,  which makes it poss ib le  t o  compare curves recorded f o r  
individual  persons using various transducers (Figure 53). 

The amplitude' o f  t he  waves .can be most conveniently measured using t h e  
values f o r  t he  sec to r s  H - I ,  I-J, J - K ,  K-L, e t c . ,  not  from t h e  base l i n e  
passing through the  middle of t h e  d i a s t o l i c  wave t o  the  peak of t h e  corre- 
sponding wave as was done by Kazmeier and Schi ld  (1957), e tc .  

Calculation of  mean values o f  wave amplitudes on ball istocardiograms i s  
performed by various inves t iga to r s  from various numbers of  complexes. 
I .  K .  Troitskaya (1963), i n  s t a t i s t i c a l l y  processing materials, showed t h a t  
when the  I-J and J - K  amplitudes were calculated,  r e l i a b l e  d i f fe rences  of  
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averages were,not discovered beginning with t h e  ca lcu la t ion  of  four  complexes 
i n  t h e  ball istocardiogram at  rest, o r  f i v e  complexes i n  a ball istocardiogram 
taken after physical  loading. 

[{J _-. 

-+-.J-s 
-%- 

/199 O f  t h e  r e l a t i v e  ind ica tors ,  t h e  following are usua l ly  calculated:  - 

\ d i a s t o l i c  wave increased. Nonsimultaneous 
expulsion of  blood i n t o  t h e  pulmonary 
a r t e r y  and ao r t a  led  t o  s p l i t t i n g  o f  t h e  

disrupt ions of t h e  complexes arose when 

--.: 

2 -K -... peak I-J. S igni f icant  morphological 
.L>. K - 2  -.-- 

A. V. Mareyev (1963); i n  experiments 
on dogs and s tud ie s  of  ball istocardiograms of pa t i en t s  with coronary 
deficiency shows t h a t  t he  H - I  segment is  formed not only by t h e  r e c o i l  
a r i s i n g  upon expulsion of  blood, but a l s o  by the  forces  r e l a t e d  t o  movement 
of  the  hea r t .  I t  was shown t h a t  the  impulses r e l a t ed  t o  h e a r t  movement are 
added pr imari ly  with the  r e c o i l .  Therefore, when the  cont rac t ive  function of 
the  myocardium i s  decreased, the  amplitude of  t he  I-J waves i s  decreased 
(decrease i n  ba l l i s tocard iographic  contr ibut ion of  t he  v e n t r i c l e s ) ,  while t he  
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amplitude o f  H - I  increase  is  due t o  compensatory hyperfunction of t h e  hea r t  
and an increase  i n  t h e  ba l l i s tocard iographic  e f f e c t  r e s u l t i n g  from reinforced 
movement of  t h e  hea r t .  

The predominance of var ious f a c t o r s  of  hemodynamics upon a decrease i n  - /200 
t he  cont rac t ive  capaci ty  of t h e  myocardium leads t o  the  formation o f  var ious 
types of complexes. 
l e f t  v e n t r i c l e  with s u f f i c i e n t  compensatory c a p a b i l i t i e s ,  w e  observe t h e  
formation of t h e  "ear ly  MI' type complex, as a r e s u l t  of t h e  primary increase  
i n  segment H - I ,  r e s u l t i n g  from reinforcement of  t h e  movements of  t he  hyper- 
t roph ic  sec t ion  of t h e  h e a r t .  
v a r i a t i o n s  o f  the  curve i s  noted i n  r e l a t i o n  t o  t h e  equal iza t ion  of  t he  
mechanical e f fec t iveness  o f  t h e  two v e n t r i c l e s .  On the  o the r  hand, when 
compensatory . c a p a b i l i t i e s  o f  t he .  l e f t  v e n t r i c l e  a r e  decreased, a shortening 
o f  I-J and merging of waves H with J a r e  noted, accompanied by r e l a t i v e  
deepening of t h e  K wave. 
t he  weakened v e n t r i c l e  f a c i l i t a t e s  an increase  i n  r e sp i r a to ry  va r i a t ions  of  
t h e  curve. The decrease i n  i n i t i a l  r a t e  of blood expulsion which a r i s e s  i n  
t h i s  case leads t o  a deepening of  t he  K wave (S ta r r ,  1958). 

For example, upon predominance of hypertrophy of t h e  

In  t h i s  case a l s o  a decrease i n  r e sp i r a to ry  

The decrease i n  t h e  ba l l i s toca rd iog raph ic  e f f e c t  of 

These q u a l i t a t i v e  changes a r e  r e f l e c t e d  i n  q u a n t i t a t i v e  ana lys i s  o f  
bal l is tocardiograms as wel l .  Thus, with the  f irst  type of changes i n  the  
s y s t o l i c  complex, t h e  HI/IJ r a t i o  i s  increased, and JK/IJ and K L / I J  a r e  
decreased, while with t h e  second type H I / I J  i s  decreased and JK/IJ and K L / I J  
a r e  increased.  

Ballistocardiography i n  sports medicine. The first ba l l i s toca rd io -  
graphic  observations o f  a t h l e t e s  were performed i n  1953 by Doliopoulos and 
Bangou, who showed t h a t  t h e  amplitude of t he  waves and t h e i r  durat ion i n  
t r a ined  a t h l e t e s  were higher  than i n  untrained persons.  Subsequently, Medved 
and Horvat (1956) found t h a t  i n  a t h l e t e s  t r a ined  f o r  endurance, the  amplitude 
of  bal l is tocardiogram waves was higher  than i n  representa t ives  of spo r t s  
games and fencers .  The study of t h e  bal l is tocardiograms of a t h l e t e s  was 
a l s o  undertaken by Bober (1954), Bodrogi (1957), Jokl  e t  a l .  (1958), 
A. N .  Kokosov (1959), V .  P .  Kushelevskiy, I .  A .  Manuylov and I .  L .  Manuylova 
(1960); L. L. Orlov, V. V .  Bulychev and Yu. I .  Akimov (1962), Yu. P. Panov 
(1960); e t c .  

The most complete and comprehensive ba l l i s toca rd iog raph ic  inves t iga t ions  
o f  a t h l e t e s  were performed by L.  I .  Stogovaya (1958, 1963), who s tudied  the  
q u a l i t a t i v e  and q u a n t i t a t i v e  ind ica to r s  of t h e  bal l is tocardiogram with 
var ious s t a t e s  of t r a i n i n g  and compared them with t h e  ind ica to r s  i n  hea l thy  
persons not  involved i n  spo r t s .  

. In  studying the  morphological s p e c i f i c s  of bal l is tocardiograms of 
a t h l e t e s ,  it is  expedient,  as has been ind ica t ed  above, t o  use  t h e  Lapici-  

/201 re l la  c l a s s i f i c a t i o n  with supplemental ana lys i s  of t h e  s t r u c t u r e  of  t he  
complexes using the  method of  R. M. Bayevskiy (1962). We used t h i s  combined - 
method of  evaluat ion i n  ana lys i s  of  t h e  bal l is tocardiograms of 90 leading 
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a t h l e t e s  -- masters o f  s p o r t s  i n  academic rowing during assemblies a t  var ious 
s t ages  of  t r a i n i n g .  O f  these ,  37 persons were observed cont inua l ly  f o r  
between one and two and one h a l f  years .  
grams were performed as p a r t  of  combined medical examinations using t h e  
S. P .  Letunov func t iona l  experiment, with the  recording of  e lec t rocard io-  
grams, e t c .  

The recordings of ba l l i s toca rd io -  

Figure 54. Change i n  Ball istocardiogram S t e p  I t  
(According t o  Lap ic i r e l l a )  i n  Master o f  Sports P ,  
22 Years O l d .  Broadening and s p l i t t i n g  o f  L waves 

shown by arrows. 

In more than 50% of  t h e  a t h l e t e s  observed over an extended time per iod ,  
t he  ba l l i s toca rd iog raph ic  curves were r e l a t e d  t o  s t e p  I1 of changes according 
t o  t h e  Lap ic i r e l l a  c l a s s i f i c a t i o n  due t o  deformation, expansion and s p l i t t i n g  
of t h e  K - L  waves with no decrease i n  wave amplitude (Figure 54).  
changes i n  the  bal l is tocardiograms were observed r a r e l y :  
main per iod of  t r a i n i n g  with a decrease i n  the  func t iona l  s t a t e  o f  t h e  
myocardium. A s  an example, we present  t he  following da ta .  

Step I11 
only during the  

1. Master of s p o r t s  B, 22 years  old.  Tota l  spo r t s  ranking e ight  
years .  Academic rower, fou r  years .  During in t ens ive  t r a i n i n g ,  pe r iod ica l ly  
shows high blood pressure  up t o  140/90 mm Hg during per iods of  r e s t .  On 
electrocardiogram, shows c h a r a c t e r i s t i c s  of d i f f u s e  changes of myocardium. 
In addi t ion  t o  an increase  i n  a r t e r i a l  blood pressure ,  nonres tora t ion  of  
maximum and minimum pressure  i s  observed a t  r e s t  a f t e r  func t iona l  t e s t ,  
along with weakness, worsening of  rowing technique. 
a t  r e s t  (Figure 55, a)  shows deformation of I-J and decrease i n  amplitude of 
t h i s  segment pr imar i ly  during exhalat ion phase. 
15 seconds run (Figure 55, b) during inha la t ion  phase, s p l i t t i n g  of I-J and 
decrease i n  amplitude of t h i s  segment during exhalat ion with high amplitude 
of H - I  noted. 
i v e  funct ion o f  l e f t  v e n t r i c l e .  

Ballistocardiogram taken 

A t  four th  minute a f t e r  

On the  whole, changes i n  curve i n d i c a t e  decrease i n  cont rac t -  
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Figure 55. Example of Changes i n  .Ball istocardiogram, 
S t e p  I 1  I (According t o  Lapicirel  l a )  i n  Master o f  
Sports B ,  22 Years O l d .  a ,  a t  r e s t ;  b ,  fourth m i n u t e  
in to  recovery a f t e r  15 sec  run. Explanat ion ' in  t e x t .  

2 .  Master of spo r t s  Ch, 29 years o ld .  Sports  ranking (academic rowing) 
13 years .  S t a t e  of c l e a r  f a t igue :  decrease i n  spo r t s  i nd ica to r s ,  gradual 
maximum pressure r eac t ion  t o  15 seconds run, incomplete r e s to ra t ion  of pu lse  
a f t e r  15 sec  and t h r e e  minutes run. Electrocardiogram shows ind ica to r s  of 
incomplete block of r i g h t  branch of bundle of  H i s .  
taken a t  r e s t  (Figure 56, a) during inha la t ion  phase shows "fused H-J" with 
deepening of  K wave. Changes ind ica t e  decrease i n  cont rac t ive  funct ion of 
r i g h t  v e n t r i c l e  and worsening of  compensatory capac i t i e s ,  noted even when a t  
rest. After  15 s e c  run during four th  minute of recovery per iod,  same 
r a t i o  i s  r e t a ined  (Figure 56, b ) .  

On bal l is tocardiogram 

The ana lys i s  o f . t h e  morphological s t r u c t u r e  o f  complexes i n  the  t e s t  
subjec t  a t h l e t e s  which we inves t iga ted  allowed us t o  determine c e r t a i n  
s p e c i f i c  f ea tu re s  of t h e  bal l is tocardiograms.  of wel l  t r a ined  persons.  The 
da ta  which we produced agree with those descr ibed i n  the  l i t e r a t u r e  (Dolio- 
poulos, Bangou, 1953; Lap ic i r e l l a ;  L. L. Orlov, 1959; L. I .  Stogova, 
1963; e t c . ) .  These s p e c i f i c s  cons i s t  of  t h e  following: 

1)  i n  a t h l e t e s ,  r e l a t i v e l y  high amplitude o f  t h e  J wave i s  observed; 
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2) on t h e  bal l is tocardiogram, deepening of t h e  J K  waves and high 

/203 
amplitude of I wave are genera l ly  observed ( i n  84% of  a t h l e t e s  examined); 
similar observat ions were made by Lap ic i r e l l a  (1958), B. S. Panov, (1960) and - 
L.  L. Orlov (1959); 

3) broadening, s p l i t t i n g  o r  deformation of bal l is tocardiogram s e c t o r  i n  
K-L i n t e r v a l  observed i n  58% of a t h l e t e s  (see Figure 54);  

4) i n  49% of  t h e  a t h l e t e s  during the  exhalat ion phase s p l i t t i n g  o f  t h e  
I wave is  observed with formation of an addi t iona l  small wave; t h i s  is  
usua l ly  combined with incomplete block of  t h e  r i g h t  branch of  t h e  bundle of 
H i s  and expressed hypertrophy of t h e  l e f t  v e n t r i c l e .  

F i g u r e  56. Example of Changes i n  Ball istocardiogram, 
S t e p  I l l  (According to  Lap ic i r e l l a )  i n  Master o f  
Sports C h ,  29 Years O l d .  a ,  a t  r e s t ;  b ,  four th  minute 
into recovery a f t e r  15 sec  run. Explanation i n  t ex t .  

An increase i n  the  s t a t e  of t r a i n  i s  charac te r ized  i n  a q u a l i t a t i v e  
evaluat ion of  the  bal l is tocardiogram by an increase  i n  t h e  amplitude of t h e  
J and J K  waves (L.  I .  Stogova, 1963). 
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/ 204 Changes i n  bal l is tocardiograms a f t e r  loads i n  well  t r a ined  persons - 
appear as an increase  i n  t h e  amplitude of  t h e  sec to r s  I-J and K-L. 
i n s u f f i c i e n t  t r a i n i n g  and over t ra in ing ,  t h e  sec to r  I-J i s  more sharply 
increased, and t h e  sec to r  K-L is  decreased. S p l i t t i n g  and waviness of these  . 

complexes may decrease o r  disappear completely or may be deepend immediately 
a f t e r  loading. 

With 

Analysis of t h e  time ind ica to r s  of t he  bal l is tocardiogram (L. I .  Sto- 
gova, 1963) has shown t h a t  i n  highly t r a ined  a t h l e t e s ,  t he  dura t ion  of 
t h e  d i r e c t  ve loc i ty  bal l is tocardiogram i n t e r v a l s  is  increased (Table 17).  

TABLE 17. DURATION ( I N  SEC) OF T I M E  INTERVALS I N  BALLISTOCARDIOGRAM 
I N  ATHLETES AND NONATHLETES 

(L.  I .  STOGOVA) 

. . . . . . . . .  ._ . ..; .. __ . . . . . . . . . . . . .  ..-. - ......... 
Indicators  

........... __ -. ... _. . -__ ..... 

1 Athletes  Hea 1 t h y  
nonathletes 

. . . . .  .- . - 
I 

.... 
I . .  I 

Duration o f  

Tr. Note: Commas indica te  decimal po in ts .  

In  the  ana lys i s  of ba l l i s toca rd iog raph ic  ind ica to r s  a t  r e s t ,  we de te r -  
mined an increase  i n  K L / I J  and K L / J K .  Af te r  the  s tandard physical  load w e ,  
l i k e  L. I. Stogova (1962), de tec ted  a primary increase  i n  the  r e l a t i v e  
index J K  load/JK r e s t  i n  comparison with the  r e l a t i v e  ind ica to r  IJ load/ IJ  
r e s t  during the  main per iod of t r a i n i n g  with good physical s t a t e  ( favorable  
type of  reac t ion  on the  bal l is tocardiogram).  During the  preparatory per iod,  
we observed t h e  reverse  r e l a t ionsh ip  o f  these  ind ica to r s  (Figure 5 7 ) .  We 
d is t inguish  th ree  va r i an t s  of t h e  change i n  IJ load/IJ  r e s t  from t h e  
preparatory per iod t o  the  main t r a i n i n g  per iod during the  process of 
increasing s t a t e  of  t r a i n i n g :  1) primary increase  i n  IJ load/IJ  r e s t ;  
2) IJ load/ IJ  r e s t  unchanged, while J K  load/JK r e s t  increases ;  3) J K  load/JK 
r e s t  unchanged, while IJ load/ IJ  r e s t  decreases.  

Worsening of t h e  s t a t e  of  t r a in ing ,  overfat igue and over t ra in ing  were - /205 
accompanied by a s i g n i f i c a n t  increase  i n  the  r e l a t i v e  ind ica to r  
IJ load/ IJ  r e s t  (Figure 57) and simultaneous decrease i n  the  r e l a t i v e  
ind ica to r  JK load/JK r e s t .  

The usage of  ba l l i s tocard iography i n  spo r t s  medicine has promise, s ince  
it can be used t o  perform evaluat ions of t h e  con t r ac t ive  funct ion of t he  . 
myocardium of  t he  v e n t r i c l e s .  
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Preparatory Main 
period period - . -  - 

Figure 57. Dynamics o f  Indicat-  
o r s  IJ Load/lJ Rest and JK 
Load/JK Rest w i t h  Changing S t a t e  
o f  Training. Solid l ines show 
changes i n  indicator  IJ load/lJ 
r e s t ,  dot ted l i n e s  JK load/JK 
r e s t ,  f i n e  l i n e s  -- changes i n  
indicators  w i t h  increasing s t a t e  
of  t r a i n ,  heavy l i n e s  -- incase 
o f  over t ra in ing .  

The first curves of low- 
frequency precord ia l  v ib ra t ions  
were recorded by Marey (1878), who 
used pneumatic capsules t o  
record movements of t h e  apex o f  t h e  
hea r t .  This method was c a l l e d  
cardiography, b u t  it was not widely 
used, and was almost abandonded i n  
the  1930's.  

A t  t h e  'beginning of t h e  
1950's, i nves t iga t ions  i n  t h e  a rea  
of studying precord ia l  v ib ra t ions  
using modern electromechanical 
t ransducers  were once more begun. 

The beginning of these  
inves t iga t ions  was performed by 
Miller and White (1941), and subse- 
quent lj. a g r e a t  deal  of a t  t en t  ion  
was turned t o  t h i s  problem by 
Johnston and Overy (1951). One 
important development i s  t h e  method 
developed by Rosa (1955-1956) of 
recording precord ia l  vibra-  
t i o n s  -- stethography. 

! 

- /206 

In l a t e r  years ,  kinetocardio-  
graphy became broadly used 
abroad -- a method suggested by 

Eddleman e t  a l .  In the  Soviet  Union, t h i s  method was f irst  used i n  1961 by 
L .  B.  Andreyev. 

In  1958, independently of Eddleman, w e  developed a method f o r  acce le r -  
a t ion  kinetocardiography ( I .  Ye. Ranskiy). 

Techniques o f  recording i n  acce le ra t ion  kinetocardiography. Kineto- 
cardiography i s  based on t h e  p r inc ip l e  of conversion o f  mechanical movement 
i n t o  an e l e c t r i c a l  s i g n a l .  
sonic  range have g rea t  o s c i l l a t i n g  amplitude, many times g r e a t e r  than the  

The v ib ra t ions  of  t h e  chest  wall i n  t h e  i n f r a -  

_----- ____  . -. 

In  t h i s  sec t ion ,  we a r e  concerned with a new method of recording precord ia l  
v ibra t ions .  
(1959) f irst  of a l l  i n  t h a t  w e  record only the  second de r iva t ive  of d i s -  
placements of t he  thorax, secondly i n  t h a t  t h e  r ece ive r  device is  fastened t o  
the  chest  o f  t he  t e s t  sub jec t ,  not f ixed a t  a poin t  i n  space using a 
rod -- Ed. 

I t  d i f f e r s  from t h e  "c lass ica l"  kinetocardiography of Eddleman 
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amplitude of t h e  sonic  v ibra t ions ;  t he re fo re ,  they can be recorded e a s i l y  i n  
the  form of  a curve o f  displacements, v e l o c i t i e s  and acce lera t ions  of t h e  
chest  wall .  

The receiver devices (transducers) converting the  mechanical v ib ra t ions  
i n t o  e l e c t r i c a l  s i g n a l s  i n  our method a r e  accelerometers, e i t h e r  l i q u i d  
(A. A. Sukhanov, I. Ye. Ranskiy, 1958; e t c . )  o r  p i ezoe lec t r i c  type t r ans -  
ducers. 

The bas i s  of  t h e  piezo- 
e l e c t r i c  transducers i s  t h e  . 

property o f  c e r t a i n  c r y s t a l -  
l i n e  d i e l e c t r i c s  of c rea t ing  
an e l e c t r i c a l  charge under t h e  
inf luence of s t r e s s  o r  
deformat ion. 

The value of t he  
e l e c t r i c a l  po la r i za t ion  ll is 
proport ional  t o  the  deforming 
force  Px: 

! n=k'.p,, 

F i g u r e  58. Acceleration Transducer. where K i s  a c o e f f i c i e n t ,  
a ,  piezocrystal  w i t h  load; b ,  Leads; ca l l ed  t h e  p i ezoe lec t r i c  

c ,  overa l l  view constant.  The s e n s i t i v i t y  of 
t h e  t ransducers  i s  higher ,  t he  
higher  t he  value of K .  The 

g rea t e s t  s e n s i t i v i t y  is t h a t  of Se igne t te  s a l t  c r y s t a l s  and barium t i t a n a t e  - 
c r y s t a l s .  

The acce1era t ion . t ransducer  cons i s t s  of a base with a mounting p l a t e  
i n se r t ed  i n  it, which c a r r i e s  t he  c r y s t a l ,  and t h e  load, suspended on t h e  
free end of t he  p l a t e  (Figure 58).  
ducer r e l a t i v e  t o  t h e  load deforms t h e  c r y s t a l .  
i s  proport ional  t o  the  acce lera t ion  of t h e  movement of t he  chest  wal l .  

Displacement of t he  base of the  trans- 
The amount of charge a r i s i n g  

The na tu ra l  frequency of t h e  t ransducer  i s  many times higher  than the  
frequencies  recorded, on t h e  order  of 800 H z ,  a necessary condition f o r  t h e  
production of undis tor ted  curves. The t ransducer  records acce lera t ions  and 
is  standardized i n  g u n i t s .  
acce le ra t ion  of 1 g (981 cm/sec2) . a  curve with an amplitude of 16 mm i s  
recorded. 

With an amplif icat ion of  1 mv = 2 mm and an 

Kinetocardiographic inves t iga t ion  should be performed i n  a room removed 
from working e leva tors ,  X-ray and physical  therapy machinery. 

193 



111111 I I1 Ill1 IIIII I 

Figure  59. Diagram of Location of 

The recording of a 
kinetocardiogram can be  
performed with t h e  t e s t  
subjec t  i n  the  lying,  s i t t i n g  
or standing pos i t i on ,  
depending on t h e  purpose o f  
t h e  recording. Most fre- 
quently,  kinetocardiograms a r e  
recorded with the  t e s t  subjec t  
ly ing  on h i s  back. The 
t ransducer  i s  fastened t o  t h e  
chest  using e l a s t i c  bandage 
a t  t he  poin t  o f  attachment o f  
r i b s  4-5 ( l e f t  v e n t r i c l e )  
(Figure 59).  The cor rec tness  
of connection of t he  trans- 
ducer t o  t h e  input of t h e  
electrocardiograph i s  t e s t e d  
by tapping the  t ransducer .  
A t a p  on top causes i n i t i a l  
de f l ec t ion  of t h e  curve down- 
ward. Recording should be 

Electrodes and Transducer. I ,  "r ight  performed using a two-channel 
arm'' e l ec t rode ;  I I ,  ' ' l e f t  arm" amplified apparatus,  simul- 
e l ec t rode ;  ! I  I ,  " l e f t  leg" e lec t rode ;  taneously with an e l ec t ro -  
I V ,  "r ight  leg" e l ec t rode ;  T, t rans-  cardiogram. 
ducer. 

The movement of  t he  h e a r t  
r e s u l t i n g  from cont rac t ion  and 

/208 
re laxa t ion  of i t s  musculature, i n t r aca rd iac  and in t r avascu la r  displacement o f  
blood, opening and c los ing  of t h e  hea r t  valves ,  r o t a t i o n  o f  the  h e a r t  and i t s  - 
l a t e r a l  o s c i l l a t i o n s  cause v ib ra t ions  of t h e  thorax,  which a r e  recorded a s  
t h e  kinetocardiogram curve. This curve cons i s t s  o f  two s e t s  of  waves, 
represented by t h e  l e t t e r s  of  t he  Latin alphabet from e t o  z inc lus ive  
(Figure 60). 

Normal kinetocardiogram. To a id  i n  c l in ica l -phys io logica l  ana lys i s  of 
t h e  kinetocardiograms, we performed synchronous recording o f  kinetocardio- 
grams p lus  phonocardiograms, electrocardiograms, bal l is tocardiograms,  
dynamocardiograms and ca ro t id  a r t e r y  sphygmograms. 

The comparison of hemodynamic ind ica to r s  produced by ca the te r i za t ion  
(V. L. Karpman and V. S. Savel'yev, 1960; Wiggers, 1921; Blumberger, 1940; 
e t c . )  with the  r e s u l t s  of ana lys i s  of  kinetocardiograms allowed the  elements 
of t h i s  curve t o  be in t e rp re t ed  as follows. 

- /209 

The wave complexes from g t o  s r e f l e c t  the  card iac  sys to l e .  
complex (u wave) corresponds t o  t h e  beginning of  t he  d i a s t o l e  and corre-  
sponds i n  time t o  the  beginning o f  formation of tone 11. 
corresponds t o  the  i n t e r v a l  v-e. 

The second 

The h e a r t  d i a s t o l e  
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After ,  . l x  

Figure 60. Kinetocardiogram Recorded f o r  A t h l e t e  K During Per- 
formance of S .  P.  Letunov Experiment. 

The R wave of t he  electrocardiogram occurs a t  t h e  beginning o f  t he  
h wave (point g) and i ts  end corresponds t o  t h e  high-frequency component o f  
tone I .  The u wave corresponds t o  the  end o f  t he  T wave of t h e  e l e c t r o -  
cardiogram, and tone I 1  of t h e  phonocardiogram and t h e  lower point  of t h e  
inc i su re  on the  reproduced ca ro t id  a r t e r y  sphygmogram. 

During t h e  f irst  phase of t h e  s y s t o l e  - -  t h e  phase of asynchronous 
contract ion -- t h e  i n t e r v e n t r i c u l a r  septum con t rac t s ,  t h e  a t r i o v e n t r i c u l a r  
valves c lose ,  t h e  apex of t h e  hea r t  moves upward and inward. After c losu re  
o f  t h e  a t r i o v e n t r i c u l a r  valves during t h e  phase of isometric contract ion,  t h e  
inc l ined  muscles o f  t he  v e n t r i c l e s  'begin t o  con t r ac t ,  t h e  h e a r t  r o t a t e s  t o  
the  r i g h t ,  about i t s  ax i s .  

L 

Point g o f  t h e  kinetocardiogram i s  t h e  beginning o f  t he  mechanical 
sys to l e ,  when t h e  e n t i r e  myocardium i s  exci ted,  gradually leading t o  an 
increase i n  muscular stress with t h e  h e a r t  valves closed. The most i n t ens ive  
stress occurs a t  point  h - -  t h e  peak of the.wave, while t h e  e n t i r e  wave is a 
r e s u l t  o f  t h e  forces  ac t ing  during t h e  phase of isometr ic  contract ion o f  
t h e  v e n t r i c l e s .  
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Wave i corresponds t o  t h e  i n i t i a l  por t ion  of t h e  expulsion per iod -- t he  
phase o f  rap id  expulsion. 
per iod (0.05-0.10 sec ) ,  two-thirds of t h e  s y s t o l i c  blood volume is  forced 
from t h e  v e n t r i c l e s  i n t o  t h e  a o r t a  with maximum acce lera t ion ;  therefore ,  t he  
j wave which charac te r izes  t h i s  phase r i s e s  most rap id ly .  

A t  t h i s  moment, over a comparatively sho r t  t i m e  

The phase of rap id  expulsion ends a t  poin t  k. A t  t h i s  moment, t h e  r a t e  
of expulsion of blood drops, and t h e  phase of  slow hlood expulsion begins.  

The decrease i n  pressure  i n  t h e  ventricle.1ead.s t o  opening of t h e  semi- 
lunar  valves.  
leads t o  movement of t h e  e n t i r e  mass of t h e  h e a r t  and appearance of  peaked 
wave u on t h e  kinetocardiogram. 

The impact of  blood on t h e  valves r e s u l t i n g  from back flow 

The opening of  t he  mitral  and t r i c u s p i d  valves  begins t h e  phase of  rap id  
f i l l i n g  of t h e  v e n t r i c l e s ,  which i s  r e f l e c t e d  on t h e  kinetocardiogram as the  
bell-shaped e leva t ion  i n  t h e  u wave. 

A s  t he  pressure  i n  t h e  a t r ia  and v e n t r i c l e s  begins t o  equal ize ,  t he  

The kinetocardiogram takes  on the  form of a wavy 
blood flow decreases,  t h e  ve loc i ty  slows, the  phase of  slow blood in f lux  t o  
the  v e n t r i c l e s  begins. 
l i n e  a t  t h i s  moment, tending toward t h e  zero pos i t i on .  

The ven t r i cu la r  d i a s t o l e  ends with cont rac t ion  of t he  a t r i a .  The /210 
cont rac t ive  a c t i v i t y  i s  g r e a t l y  inf luenced by t h e  neighboring organs and 
l a rge  vesse ls .  
va r i a t ions  i n  pressure  wi th in  the  thorax a r e  of  grea t  s ign i f i cance  i n  the  
pu l sa t ing  movements. 

The outfolw and inflow of blood, movement o f  hea r t  valves and 

The .a t r ia1 ,  s y s t o l e  i s  recorded on t h e  kinetocardiogram as wave f .  I t  
a r i s e s  a f t e r  t h e  P wave of  t he  electrocardiogram. 

Thus, t he  waves o f  t h e  kinetocardiogram have the  following physiological  
s ign i f icance .  
isometr ic  contract ion of t he  v e n t r i c l e s .  The j wave r e s u l t s  from t h e  flow of  
blood during the  phase o$ r ap id  expulsion of blood (see Figure 60 ) .  
i n t e r v a l  k - s  corresponds t o  the  per iod of  slow expulsion of blood from t h e  
v e n t r i c l e s .  
semilunar valves.  In t e rva l  v-e corresponds t o  the  v e n t r i c u l a r  d i a s t o l e  (see 
Figure 60) .  

The h wave r e s u l t s  from forces  operat ing during the  phase of  

The 

Wave u r e s u l t s  from the  impact of t he  column o f  blood on t h e  

Analysis of  t he  durat ion of-waves on t h e  kinetocardiograms of 
100 hea l thy  persons showed t h a t  t he  durat ion o f  card iac  cycle  phases 
ca l cu la t ed  from t h e  kinetocardiogram corresponds completely t o  values 
produced using o ther  methods. 

During t h e  phases of r e s p i r a t i o n ,  as t h e  pos i t i on  o f  t he  body i s  
changed, a f t e r  physical  loading and a f t e r  taking various drugs,  various 
hemodynamic changes occur which a re  r e f l e c t e d  on t h e  kinetocardiogram. 
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The changes i n  the  kinetocardiogram during r e sp i r a t ion  depend both on 
the  changes i n  topographic r e l a t ionsh ips  of t h e  organs i n  t h e  thorax, and on 
t h e  increase  or decrease i n  i n t r a t h o r a c i c  pressure ,  which leads t o  r ed i s -  
t r i b u t i o n  of  blood and changes i n  veinous r e tu rn .  Studying t h e  inf luence  of  
r e s p i r a t i o n  on the  bal l is tocardiogram, Brown, Epstein,  de Lalla and Hoffmann 
(1952) noted an increase  i n  waves o f  t h e  s y s t o l i c  complex during inha la t ion ,  
while Louson, Blumfield and Cournand (1953) es tab l i shed  t h a t  t he  leading r o l e  
i n  t h i s  belongs t o  t h e  r i g h t  v e n t r i c l e .  
t h e  i n f l u x  of blood t o  t h e  r i g h t  atrium i s  increased,  leading t o  an increase  
i n  the  volume o f  t h e  r i g h t  v e n t r i c l e  and g r e a t e r  mechanical e f f e c t  of i t s  
contract ion.  

They showed t h a t  during inha la t ion  

During t h e  phase of  deep exhalat ion,  the  a r t e r i a l  p ressure  i s  decreased, 
t h e  volume p e r  bea t  i s  decreased, and the  beat ing force  of the  hear t  drops. 
True, w e  have not succeeded i n  f inding such p rec i se  i n t e r r e l a t i o n s h i p s  on t h e  
kinetocardiogram, although t h i s  i n t e r p r e t a t i o n  i s  q u i t e  acceptable  as an 
explanation of  changes i'n wave amplitudes of t h e  kinetocardiogram. Further- 
more, t he  amplitude o f  waves on the  kinetocardiogram decreases during t h e  
phase of deep inha la t ion ,  which r e s u l t s  most probably not from hemodynamic, 
but  purely from mechanical f ac to r s .  

During a very deep inha la t ion ,  t h e  volume of  t he  thorax increases ,  as 
'does the  a i r  gap between the  chest  wall  and the  h e a r t ,  and the  e f f e c t  of  
cont rac t ion  i s  thus somewhat l o s t  and damped i n  the  lung t i s s u e .  During 
q u i e t ,  shallower breathing,  these  sharp cont ras t s  a r e  not observed. 
Therefore, kinetocardiograms can be recorded during f r e e  breathing,  or during 
the  phase of shallow exhalat ion,  f o r  t he  production of  c l e a r e r  curves. 

/ 2 1 1  

As t he  pos i t i on  of t he  body i s  changed, r e d i s t r i b u t i o n  of t h e  blood and 
va r i a t ions  i n  the  blood f i l l i n g  of  t h e  hea r t  occur,  inf luencing both the  
phqse s t r u c t u r e  of t he  card iac  cont rac t ion ,  and the  k i n e t i c  funct ion of t h e  
hea r t .  In  the  s tanding pos i t ion ,  blood f i l l i n g  of t h e  hear t  i s  decreased by 
decreased veinous in f lux .  This leads t o  a decrease i n  the  volume pe r  beat  
and a change i n  t h e  isometr ic  cont rac t ion  of  t h e  ven t r i c l e s .  

As was shown by Eddleman, Willis, ffeyer (1950), e t c . ,  i n  the  v e r t i c a l  
pos i t i on  w e  no te  a shortening of  t h e  e n t i r e  sys to l e  and expulsion per iod.  
The phase of  rap id  f i l i n g  (beginning of t h e  d i a s t o l e )  i s  lengthened upon 
standing as a r e s u l t  of r e t a rda t ion  of t h e  blood i n  the  lower ex t remi t ies  and 
of blood flow t o  t h e  hea r t .  

The kinetocardiogram recorded with t h e  t e s t  subjec t  i n  the  s tanding 
pos i t i on  frequent ly  shows s p l i t t i n g  of t he  j wave, which disappears i n  t h e  
prone pos i t ion .  
t he  j wave increases ,  charac te r iz ing  t h e  phase of rap id  expulsion. 

In  a heal thy person a f t e r  physical  loading t h e  amplitude o f  

In the  presence of  a the rosc l e ro t i c  ca rd iosc l e ros i s ,  physical  loading 
leads  t o  a deformation of t he  curves,  p a r t i c u l a r l y  the  j k  complex. 
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Smoking causes important changes i n  the  kinetocardiogram. Our observ- 
a t i o n s  of 100 heal thy persons showed t h a t  smoking causes var ious reac t ions  i n  
the  k i n e t i c  funct ion of t h e  hea r t .  The g r e a t e s t  changes i n  the  appearance of  
t he  curve after smoking occur i n  t h e  k - s  and v-e i n t e r v a l s ;  t he  j wave a l s o  
changes. 
0.02-0.03 sec .  The h wave does 'no t  change after smoking, but  i t s  amplitude 
i s  not iceably decreased. 

Thus, i n  60% of the  observations t h e  k - s  i n t e r v a l  was increased by 

Kinetocardiography i n  spo r t s  prac t ice .  In  the  l i t e r a t u r e  ava i l ab le  t o  
us, we encountered only a few works on the  usage of kinetocardiography i n  
spo r t s  p rac t i ce .  However,-as our  experience has shown, t h i s  type o f  
inves t iga t ion  can be usefu l  i n  evaluat ing t h e  condi t ion of t h e  myocardium of  
a t h l e t e s ,  p a r t i c u l a r l y  i n  response t o  physical  load. Kinetocardiography 
pr imari ly  allows ana lys i s  of  the  phase s t r u c t u r e  of  t h e  card iac  cycle.  Also, 
t h e  changes i n  the .ampl i tude  of t h e  curve can be used t o  judge t o  a c e r t a i n  
ex ten t  concerning t h e  mechanical a c t i v i t y  of t h e  myocardium, t h e  k i n e t i c s  of 
t h e  card iac  cont rac t ion .  

In  studying cardiodynamics of a t h l e t e s ,  t he re  i s  g r e a t  i n t e r e s t  i n  
d i f fe rences  i n  changes i n  t h e  kinetocardiogram a f t e r  performance of  various 
types of physical  load (dynamic and s t a t i c ) ,  as well  as t h e  inf luence of 
ex t r a sys to l i c  arhythmia i n  a t h l e t e s  on the  kinetocardiogram. 
performed with 50 a t h l e t e s  showed t h e  p o s s i b i l i t i e s  of t h i s  method i n  the  
so lu t ion  of  t hese  problems. 
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Inves t iga t ions  

A group of  team a t h l e t e s  involved i n  various types o f  spo r t s  was used i n  
an inves t iga t ion  before  loading, immediately and f i v e  minutes following 
t h r e e  minutes running (with acce lera t ion  during the  l a s t  15 sec ) .  

In analyzing our  curves considering the  amplitude and time charac te r -  
ist ics,  it was found t h a t  t he  reac t ion  t o  dynamic physical  loading was 
expressed as an increase  i n  pulse  frequency, a marked decrease i n  the  dura- 
t i o n  of  the  card iac  s y s t o l e  i n  i t s  expulsion period and an even more sharply 
expressed decrease i n  t h e  period of  f i l l i n g  of t he  h e a r t .  

After  loading i n  many cases  we observed asynchronism of the  v e n t r i c l e s  
during the  per iod of rapid expulsion, which appeared as an M-shaped s p l i t t i n g  
o f  t h e  j wave. 
increased, p a r t i c u l a r l y  during the  per iod of rap id  expulsion and rap id  
f i l l i n g  of  t h e  v e n t r i c l e s ,  and sometimes a l s o  during t h e i r  ac t ive  f i l l i n g  
during the  a t r ia l  cont rac t ion .  This i nd ica t e s  an increase  i n  the  r a t e  and 
force  of expulsion during t h e  moment of expulsion and an increase  i n  the  
volume of blood a r r i v i n g  a t  t he  moment of  r ap id  expulsion from the  v e n t r i c l e s  
(see Figure 60).  

The amplitude of t h e  waves a f t e r  loading i s  usua l ly  

Another group of  a t h l e t e s  (weight l i f t e r s  i n  c l a s ses  1-111) was 
inves t iga ted  d i r e c t l y  during t r a i n i n g  under s t a t i c  load condi t ions.  The 
kinetocardiogram was recorded i n  the  prone pos i t ion :  
t r a in ing ,  immediately and a l s o  t e n  minutes a f t e r  performance of 1 - 2  exerc ises  
(pressing, snatching or j e rk ing ) .  

before  beginning of  
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The na tu re  o f  t h e  changes a f t e r  t h e  exercises with t h e  weights was 
similar t o  t h e  changes i n  phase s t r u c t u r e  of a t h l e t e s  performing dynamic 
loads ( th ree  minutes running). T rue ,  t h e  degree of increase i n  pulse  
frequency with t h e  shortening of t h e  s y s t o l e  and d i a s t o l e  was more expressed. 
Immediately a f t e r  loading t h e  weight l i f te rs  showed s t a t i s t i c a l l y  r e l i a b l e  
increases  i n  pu l se  frequency, shortening of t h e  s y s t o l e  pr imari ly  due t o  
slow expulsion and shortening o f  t h e  d i a s t o l e  ( p a r t i c u l a r l y  t h e  period of 
slow f i l l i n g ) .  
t h e  exercises, t h e  durat ion of t h e  electromechanical sys to l e  and i t s  
components was completely r e s to red  t o  t h e  i n i t i a l  l eve l .  Changes i n  t h e  
amplitude and configurat ion of curves were expressed as an increase i n  t h e  
h wave and p a r t i c u l a r l y  t h e  j wave (by an average of 25-30%), and a l s o  as a 
s p l i t t i n g  of t hese  waves i n  connection with asynchronism of t h e  contract ion 
of t h e  v e n t r i c l e s  a t . t h e  moment o f  isometr ic  contract ion or rapid f i l l i n g .  

I n  t h i s  group a l s o ,  a f t e r  ten minutes following completion of 

Thus, i n  both groups t h e  response t o  dynamic o r  s t a t i c  physical  loading 
consis ted of  changes of t he  same nature  (although with varying degrees o f  
expression) with subsequent complete r e s t o r a t i o n  of t h e  duration of t h e  
s y s t o l e  even with r e l a t i v e  shortening o f  t h e  cardiac cycle.  
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Among a t h l e t e s  who had ear l ie r  shown sporadic ex t r a sys to l e s ,  but showed 
proper rhythm a t  t h e  moment of i nves t iga t ion ,  t he  phase s t r u c t u r e  of t h e  
cardiac cycle d i f f e r e d  from t h e  da t a  produced by inves t iga t ion  of a t h l e t e s  o f  
t h e  preceding group, i n  t h a t  w e  found r e l a t i v e l y  longer duration of t h e  
electromechanical s y s t o l e .  

The t e s t  sub jec t s  i n  t h i s  group r a t h e r  f requent ly  showed s p l i t t i n g  o f  
t he  waves o f  t h e  kinetocardiogram during the  phase of isometr ic  contract ion 
and r ap id  expulsion, i nd ica t ing  asynchronism of t h e  mechanical a c t i v i t y  o f  
t h e  v e n t r i c l e s .  The amplitude of t h e  waves, r e f l e c t i n g  t h e  fo rce  of t h e  
cardiac contract ions,  d id  not d i f f e r  from t h e  values observed i n  persons with 
no disrupt ion i n  hea r t  rhythm. 

For those a t h l e t e s  i n  whom w e  succeeded i n  recording ex t r a sys to l e s  
during t h e  inves t iga t ion ,  t h e  kinetocardiogram was s tudied i n  t h e  main, 
e x t r a s y s t o l i c  and pos t ex t r a sys to l i c  cyc les .  Using the  average values f o r  
t h i s  group, w e  d id  no t  succeed i n  discovering any e s s e n t i a l  differences i n  
t h e  duration of t h e  phases i n  t h e  ex t r a sys to l e  i n  comparison with t h e  main 
cycle.  Naturally,  i n  most cases,  p a r t i c u l a r l y  with ven t r i cu la r  l oca l i za t ion  
of t h e  ex t r a sys to l e ,  a shortening o f  t h e  d i a s t o l i c  phase before t h e  extra- 
s y s t o l e  and an elongation of t h e  d i a s t o l e  i n  t h e  subsequent complex a f t e r  t h e  
ex t r a sys to l e  were observed (Figure 61). 

I t  i s  important t o  note  t h a t  t h e  amplitude of t h e  waves on t h e  kineto- 
cardiogram during t h e  e x t r a s y s t o l i c  and pos t ex t r a sys to l i c  cycles w a s  f re -  
quently not iceably decreased. This i nd ica t e s  a decrease i n  t h e  k i n e t i c  
a c t i v i t y  o f  t h e  myocardium, p a r t i c u l a r l y  a decrease i n  t h e  f o r c e  o f  blood 
expulsion from t h e  h e a r t  (see Figure,61) .  This i nd ica to r ,  w e  be l i eve ,  can be 
used as a c r i t e r i o n  f o r  hemodynamic e f f ec t iveness  of t he  cardiac contract ion.  
A confirmation o f  t h i s  is  t h e  decrease i n  amplitude or even omission of t h e  
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pulse wave observed in recordings of the sphygmograms in the carotid,, radial, 
digital and femoral.arteries in these cases. 
the mechanical activity of the myocardium in athletes with extrasystolic 
arhythmia is more frequent and sharply expressed asynchronism of the 
ventricles during the period of rapid expulsion, which has been documented by 
the appearance of M-shaped j waves on the kinetocardiograms, particularly 
after physical loads. 
T wave in the postextrasystolic complex in these cases. 

Another proof of disruption of 

The electrocardiogram sometimes shows a negative 

I .  . . .  
Figure 61.  a, Kinetoc.ardiogram of Athle.te E-va. Extrasystol ic 
complexes with.10~ amplitude o f  j wave are noted; b, kineto- 
cardiogram o f  Athlete M-a. 
period of rapid filling o f  ventricles with blood, their ampli- 
tude i s  normal. 

i 

Extrasystolic complexes arlse after .. 

The most unfavorable indicators on kinetocardiograms (time and ampli- 

It is these 
tude) were observed with early extrasysoles, particularly in cases of  
allorhythmia, grouped or partial individual extrasystoles. 
extrasystoles which were frequently incomplete in the hemodynamic respect and _I /214 
accompanied by disruption in repolarization of  the myocardium with a decrease 
in heart kinetics according to the data of kinetocardiograms and other 
indicators. 

Thus, kinetocardiographic investigation allows us to evaluate the 
khetics of the heart of the athlete at rest, under the influence of physical 
loading, as well as in cases of disruption o f  the functions of the myocardium 
automatism, excitability, etc.). 
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Rheoca rd i og  raphy 

Rheocardiography is  a new method of i nves t iga t ing  t h e  cardiovascular 
I t  records t h e  changes i n  e lec t r ica l  r e s i s t a n c e  of t h e  body as a system. 

high-frequency current  i s  passed through it r e l a t e d  t o  t h e  rhythmic a c t i v i t y  
of t h e  hea r t  and t h e  movement of blood through t h e  vessels .  
was apparently t h e  first t o  suggest t h a t  an a l t e r n a t i n g  current  br idge be 
used t o  study per ipheral  blood flow. H e  es tabl ished t h a t  when a po r t ion  of 
t h e  human body was introduced t o  one branch of a Wheatstone bridge, disrup- 
t i o n s  i n  t h e  equilibrium o f  t h e  br idge synchronous with t h e  pu l se  are 
observed. Soon a f t e r  the  works of Mann, A. A. Kedrov (1941, 1949) recorded 
f l u c t u a t i o n s  i n  t h e  e lec t r ica l  r e s i s t a n c e  .of t h e  body r e l a t e d  t o  t h e  work o f  
t h e  hea r t .  In 1945, t h e  Austrian s c i e n t i s t s .  Holzer, Polzer and Marko 
published a monograph, i n  which they presented da ta  on pulse  f l u c t u a t i o n s  o f  
t h e  e lectr ical  conductivity o f  t h e  body which they'produced under physio- 
l o g i c a l  and c l i n i c a l  conditions.  They connected t h e  t e s t  subject  i n  series 
i n t o  a c i r c u i t  wi th  a 16-kHz a l t e r n a t i n g  current  o s c i l l a t o r .  
f o r  recording t h e  curve were placed as they are placed during t h e  recording 
of an electrocardiogram i n  t h e  second standard lead: " le f t  arm -- r i g h t  
leg." 
e t  a l .  (1945), t h e  method of  rheocardiography became widespread. 

Mann (1937) 
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The e l ec t rodes  

They c a l l e d  t h e i r  method rheocardiography. After t h e  works of Holzer 

Rheoca r d  iog raph i c techn i q u e s .  
o f  curves showing t h e  f luc tua t ions  i n  electrical r e s i s t a n c e  of t h e  body are 
usua l ly  divided i n t o  t h r e e  types:  bridge,  d i f f e r e n t i a l  and series o r  
potentiometric c i r c u i t s .  I t  i s  assumed t h a t  i t  i s  most expedient t o  u se  
s e r i e s  c i r c u i t s ,  s ince  they combine good tuning accuracy with comparative 
s impl i c i ty  i n  usage and more standard recording amplitude (A. A.  Kedrov, 
1948; V. A. Karelin, 1957). 

The c i r c u i t s  of devices for t h e  recording 

In t h e  Soviet Union, rheograms have been recorded i n  recent years  using 
t h e  RGI-01 device, developed a t  t h e  s p e c i a l  design bureau "Biofizpribor" 
( L .  G: Terekhova, V. I .  Polishchuk, 1960). 

Using t h e  RGI-01 as an example, l e t  us  discuss  t h e  p r i n c i p l e  o f  
operat ion of a modern rheograph. 
generator  (30 kHz), an ampl i f i e r  with gain cont ro l ,  a de t ec to r ,  a br idge 
measurement c i r c u i t  and a power supply. 

The rheograph cons i s t s  of a high-frequency 

The p a t i e n t  i s  "connected" i n t o  one o f  t he  arms of t h e  measuring br idge 
device,  so t h a t  f luc tua t ions .  i n  e lectr ical  r e s i s t a n c e  of  t h e  p a t i e n t  r e l a t e d  
t o  t h e  work o f  t h e  h e a r t  cause f luc tua t ions  i n  t h e  high-frequency vol tage i n  
t h e  measuring diagonal of t h e  bridge. 
then amplified and detected.  

The amplitude modulated vol tage is  

The low-frequency s i g n a l  separated i s  f ed  t o  the  input  of an e l e c t r o -  
cardiograph. 
r e s i s t a n c e  i s  changed from 50 t o  50.05 ohms (0.1%), an output s i g n a l  of no 
less than 1 mv i s  produced. 

The maximum s e n s i t i v i t y  of t h e  device i s  such t h a t  as t h e  
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In  order  t o  produce a ca l ib ra t ed  s i g n a l ,  a ca l ib ra t ed  r e s i s t ance  
(0.01 ohm) i s  connected i n  series with t h e  p a t i e n t  using a but ton contact .  

Let us  d iscuss  b r i e f l y  t h e  problem of c l a s s i f i c a t i o n  o f  methods of 

/216 measuring f luc tua t ions  i n  the  e l e c t r i c a l  r e s i s t ance  o f  t h e  body, which are 
combined under t h e  general  term ltrheography.ll The problem i s  t h a t  f l uc tu -  - 
a t ions  i n  t h e  e l e c t r i c a l  r e s i s t ance  of t he  body t o  high-frequency current  may 
r e s u l t ,  on t h e  one hand, from per iodic ,  rap id  pulse  o s c i l l a t i o n s ,  o r  on the  
o the r  hand -- from slow and aperiodic  f luc tua t ions  r e s u l t i n g  from a change i n  
t h e  tonus of  t h e  vessels. 
o s c i l l a t i o n  may lead t o  changes i n  t h e  e l e c t r i c a l  r e s i s t ance  of  the  body t o  
high-frequency cur ren t  which a re  both r e l a t e d  t o  cardiovascular ac t iv i ty ,  a l l  
o f  these  methods a re  properly Classed as rheography. 
c e r t a i n  technica l  s p e c i f i c s  which arise during the  recording o f  per iodic  and 
aperiodic  f luc tua t ions  i n  e l e c t r i c a l  r e s i s t ance  i n t o  consideration, w e  should 
probably divide rheography i n t o  rheosphygmography (recording pulse  o s c i l l a -  
t i ons )  and rheoplethysmography (Yu. Ye. Moskalenko and A. I. Naumenko, 
1954) which is  e s s e n t i a l l y  i d e n t i c a l  t o  mechanical plethysmography. 
Combining these  methods, a s  i s  done i n  c e r t a i n  inves t iga t ions  (A. B .  Asken- 
t 'yev ,  1957) apparent ly  should not be done. 

On t h e  bas i s  of t he  fact t h a t  both types of 

Taking t h i s  and a l s o  

One va r i e ty  of rheosphygmographyl , allowing t h e  recording of rap id  
f luc tua t ions  i n  the  e l e c t r i c a l  r e s i s t ance  of t h e  body, r e su l t i ng  pr imari ly  
from the  a c t i v i t y  of  t h e  hea r t ,  i s  rheocardiography, which i n  tu rn  i s  
divided, depending on t h e  type of appl ica t ion  of e lec t rodes  f o r  recording of 
t he  curve, i n t o  chest  rheocardiography (brustwandrheokardiographie) o r  simply 
rheocardiography, and precord ia l  rheocardiography (herznaherheokardiographie, 
af te r  Heeger, 1957). 

Physiological p r i n c i p l e s  o f  rheocardiography. Let us d iscuss  f irst  of  
a l l  t h e  physiological ana lys i s  and c a p a b i l i t i e s  of inves t iga t ion  of card iac  
a c t i v i t y  by t h e  method of rheocardiography. The development of  t h i s  method 
occurred i n  1949-1950, when Polzer and.Schuhfried introduced t h e  chest  lead 
rheocardiogram t o  p rac t i ce ,  i n  which one of t h e  la rge  a r e a . l e a d  e lec t rodes  
i s  placed over t he  apex of t h e  hea r t ,  t he  o ther  - -  e i t h e r  i n  the  area of t he  
r i g h t  scapula (Polzer,  Schuhfried, 1949) o r  on the  r i g h t  shoulder (Polzer,  
Schuhfried, 1950). The curve thus recorded was c a l l e d  t h e  chest  rheocardio- 
gram1 and l a t e r  simply the  rheocardiogram. 

The rheocardiographic curve has a clear,  two-wave appearance, repeated 
i n  each subsequent cycle ,  remaining constant f o r  any given tes t  subject  with 
similar recording conditions (Figure 62) .  On t h e  curve, during i t s  
descending and.ascending waves, w e  can d is t inguish  seven poin ts  and s i x  
in t e rva l s .  
t i o n  (points  1, 2 ,  4) ,  while t h e  remaining poin ts  are encountered on curves 
i n  various percentages of cases ( I .  N. Ivanitskaya, 1961). 

Three of t he  seven poin ts  are noted i n  a l l  curves without excep- /217 

--- 
I The var ie t ies  of rheosphygmography include a l so  rheoangiography and 
rheovasography. 
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Depending on c e r t a i n  morphological spec i f i c s ,  t he  rheocardiograms of 
healthy persons can be divided i n t o  two types:  I and I1 (Garbini, c i t e d  by 
Nattero; Heeger e t  al . ,  1958; Polzer,  Schuhfried, 1950). The cha rac t e r i s t i c s  
of curves of type I a r e  as follows: 1) amplitude of '  t h e  curve i n  i n t e r -  
va l s  1-2 is  g rea t  and exceeds the  amplitude i n  s e c t o r  4-6; 2) point  1 i s  
t h e  deepest point  of t h e  curve; 3) the  amplitudes of the  two main waves, 
descending and ascending, a r e  not equal. 
type I1 are: 
amplitude of s e c t o r  4-6; 2) the  deepest point  on the  curve i s  4; 3) t he  
amplitude of  s ec to r s  2-4 and 4-6 are approximately equal (see Figure 6 2 ) .  

The c h a r a c t e r i s t i c s  of  curves of 
1):the amplitude of sec to r  1-2 i s  low i n  comparison with the  

n 

Figure 62. 
Person. a, curve o f  t y p e  I ;  b ,  curve of  type I I  

Chest Rheocardiogram o f  a Healthy 
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The genesis of rheocardiograms i s  not  completely clear a t  t h i s  time. 
Polzer and Schuhfried (1949-1950), analyzing t h e  cardiovascular system as a 
s i n g l e  system of electrical conductors with var ious ly  changing t ransverse 
c ross  sect ions and a d e f i n i t e  length,  assumed t h a t  t h e  pr inc ipa l  f ac to r  i n  
the  genesis o'f t h e  curve was t h e  changes i n  blood content of the  hear t  and 
la rge  vesse ls  i n  t h e  thorax. 'Bas'ed on these  concepts, they i n t e r p r e t  t h e  
curve as follows. The descending wave (1-4) i s  looked upon as arterial  or 
s y s t o l i c ,  while t h e  ascending wave (4-6) is  looked upon as veinous or 
d i a s t o l i c .  
of  expulsion of blood and r e s u l t s  from an increase i n  conductivity i n  the  
ao r t a ,  which a t  t h i s  moment predominates over t h e  decrease i n  e l e c t r i c a l  
conductivity of t h e  hea r t ,  s ince  the  ao r t a  is the  longest conductor i n  the  
t theart-vessels ' t  system. The decrease of the  curve a t  po in t  2 i s  r e l a t e d  t o  
t h e  predominance of  blood outflow from the  a rea  being measured over inflow t o  
the  hea r t .  
r e l a t i o n  t o  an increase i n  veinous f i l l i n g  of t h e  ven t r i c l e s .  Further,  i n  
correspondence t o  t h e  new in f lux  of blood t o  the  atrium under conditions of  
uneven d i s t r i b u t i o n  of t h e  blood, a minimum i n  e l e c t r i c a l  conductivity 
follows, and t h e  curve after poin t  6 continues descending r i g h t  down t o  the  
last  e levat ion of t he  curve a t  point  1 (Vetter,  1959; Polzer,  Schuhfried, 
1950). 

The e leva t ion  of  t he  curve at poin t  1 i s  r e l a t e d  t o  the  beginning 

The e leva t ion  of the  curve i n  i n t e r v a l  4-6 i s  explained i n  

In addi t ion t o  the  opinions of  Polzer,  Schuhfried (1950, Vetter (1949) 
concerning t h e  genesis of rheocardiograms i n  r e l a t i o n  t o  changes i n  blood 
f i l l i n g ,  the  l i t e r a t u r e  c a r r i e s  o ther  concepts concerning the  reasons f o r  
formation of t h i s  curve. Thus, the  da ta  of Matzdorf (1953, 1961) which he 
produced during the  performance of model experiments, animal experiments and 
human experiments, i n d i c a t e  t h a t  the  dec is ive  f a c t o r  i n  t h e  genesis of t he  
curve cons is t s  not of f l u c t u a t i o n s  i n  f i l l i n g ,  but  of f luc tua t ions  i n  the  
pos i t ion  of t h e  hear t  and larg.e vesse ls  i n  t h e  thorax and t h e i r  movement 
during the  cardiac contract ion.  Similar conclusions were reached by the  

( I .  N .  Ivanitskaya) performed i n  animal experiments and human experiments, 
lead us  t o  conclude t h a t  the  rheocardiogram r e f l e c t s  changes i n  the  conduct- 
i v i t y  i n  the  thorax r e s u l t i n g  both from f l u c t u a t i o n s  i n  blood f i l l i n g  and 
from movements and displacement of t h e  h e a r t  i t s e l f .  I t  was found t h a t  t h e  
influence of h e a r t  movement was g r e a t e r  f o r  animals, while the  influence of 
displacement of blood masses was g r e a t e r  f o r  humans. I t  i s  possible  t h a t  
t h i s  f a c t  can be explained by s p e c i f i c  f ea tu re s  i n  the re la t ionship  of t h e  
hear t  volume and thorax i n  dogs and i n  man. 
ness  of these  assumptions can be found i n  t h e  experimental inves t iga t ions  on 
frogs performed by Stoboy and Nussgen (1957). 

/219 I t a l i a n  inves t iga tors  (Furbetta e t  a l . ,  1956). Our own observations - 

A Confirmation of the  cor rec t -  

The reasons f o r  t he  appearance 05 two d i f f e r e n t  types of rheocardiograms 
Some inves t iga tors  r e l a t e  t h i s  f a c t  t o  t he  i n  heal thy persons are not  c l ea r .  

fact t h a t  i n  some cases the  vesse ls  have a g r e a t e r  influence on the  f luc tu-  
a t ions  i n  e l e c t r i c a l  r e s i s t ance ,  while i n  o ther  cases the  a c t i v i t y  of t he  
hea r t  i t s e l f  i s  most important (Garbini). In  addi t ion t o  t h i s ,  the  opinion 
has been s t a t ed  t h a t  t he  p r i n c i p a l  r o l e  i n  t h i s  case belongs t o  the  value of 
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per iphera l  res i s tance ;  where t h i s  r e s i s t a n c e  is low, curves of  type I a r e  
recorded, when it is  high -- curves of  type I1 a r e  recorded. 

There is i n t e r e s t  i n  a comparison of  t he  rheocardiogram with the  phases 
of t h e  card iac  cycle.  Data (I. N .  Ivariitskaya, 1961) produced i n  an 
inves t iga t ion  of  42 p r a c t i c a l l y  heal thy persons by ana lys i s  of synchronously 
recorded rheocardiograms, electrocardiograms, phonocardiograms, sphygmograms 
of  t h e  ca ro t id  a r t e r y  and longi tudinal  dynamocardiograms showed the  
following. 
beginning of expulsion of  blood from the  ven t r i c l e s ,  which can be determined 
on t h e  bas i s  of comparison of po in t  1 with the  r e s u l t s  of  polycardiographic 
ca l cu la t ion  of  t h e  phases o f  t h e  card iac  contract ion and b,: comparing t h i s  
po in t  with the  Z wave of t h e  dynhocardiogram, which r e f l e c t s  t h e  beginning 
o f  t he 'phase  o f  expulsion on t h i s  curve. 

Point 1 on t h e  rheocardiogram i n  most cases  corresponds t o  t h e  

The completion of  t h e  t r u e  phase 1.ength o f  blood expulsion had no 
analogs on the  rheocardiogram, while t h e  completion of  t he  acous t i ca l  
s y s t o l e  (tone 11) genera l ly  corresponded t o  point  3 on t h e  rheocardiogram, 
while when t h i s  po in t  was absent t he  beginning of  tone I1 was pro jec ted  
along t h e  lower t h i r d  of  t he  descending wave o f  the .curve  (see Figure 62).  
The correspondence between o the r  po in ts  on t h e  rheocardiogram and t h e  
beginning or ending of  ind iv idua l  card iac  contract ion phases was poor I 

(I. N. Ivanitskaya, 1961). The mean durat ion 02 t h e  s t r e s s  phase, de te r -  
mined from the  i n t e r v a l  from t h e  Q wave on t h e  electrocardiogram t o  po in t  I 
on the  rheocardiogram, was 0.085 sec,  which c o r r e l a t e s  s a t i s f a c t o r i l y  with 
the  da t a  on t h e  value o f  t h i s  phase produced using o ther  methods of 
i nves t iga t ion  (I. N. Ivanitskaya, 1961). 

In  an inves t iga t ion  of t h e  hemodynamics of a t h l e t e s ,  it might be 
i n t e r e s t i n g  t o  evaluate  the  q u a n t i t a t i v e  ana lys i s  of t he  rheocardiogram. 
Among t h e  first works of  t h i s  type i s  t h a t  o f  Holzer and Polzer (1951) who, 
comparing t h e  amplitude of  t he  s y s t o l i c  wave of t h e  rheocardiogram with the  
value of  t he  volume p e r  bea t ,  ca lcu la ted  using t h e  method of Wezler and 
Boger (1937), concluded t h a t  t he re  was a d i r e c t  co r re l a t ion  between these  
q u a n t i t i e s .  The r e s u l t s  of  subsequent inves t iga t ions  performed i n  t h i s  
d i r e c t i o n  were cont rad ic tory .  Thus, Spillmann (1952) comparing da ta  on the  
value of  t h e  s y s t o l i c  s e c t o r  of t he  rheocardiogram recorded i n  the  Holzer, 
Polzer and Marko lead (1945), under t h e  inf luence of var ious e f f e c t s ,  with 
t h e  l i t e r a t u r e  da ta  on the  volume pe r  beat  under similar condi t ions,  
concluded t h a t  t h e r e  was no r e l a t ionsh ip  between these  q u a n t i t i e s .  A t  t h e  
same time, Vet te r  and Breu (1951), i n  c l i n i c a l  i nves t iga t ions ,  and Stoboy and 
Nussgen (1957) who recorded rheocardiograms under experimental condi t ions,  
es tab l i shed  a d i r e c t  r e l a t ionsh ip  between t h e  amplitude of  t he  curve and t h e  
s y s t o l i c  volume. 

One defec t  of  t h e s e  inves t iga t ions  was t h e  absence of  d i r e c t  comparisons 
o f  amplitudes of rheocardiograms and simultaneously ca lcu la ted  values  p f  
volume p e r  beat  i n  the  same t e s t  subjec t .  Inves t iga t ions  of t h i s  type 'were 
made by I. N .  Ivani tskaya and G. A. Glezer (1963). The amplitude of t h e  
s y s t o l i c  wave of  t h e  rheocardiogram ca lcu la ted  i n  absolute  u n i t s  (ohms) w a s  
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compared t o  t h e  value of t h e  volume per  bea t  calculated by t h e  Stewart- 
Hamilton method. Both sec to r s  of t h e  s y s t o l i c  wave (1-2 and 2-4) were 
compared with the  volume pe r  bea t ,  as well as t h e  amplitude o f  t h e  e n t i r e  
s y s t o l i c  wave as a whole ( sec tor  1-4).  
t h e  value o f  t h e  volume pe r  beat and t h e  amplitude of s ec to r  1-4, although 
the  amplitude of t h e  ascending s e c t o r  of t h e  s y s t o l i c  wave (1-2), expressed 
i n  ohms, cor re la ted  s a t i s f a c t o r i l y  with t h e  value of t he  s y s t o l i c  volume 
(cor re la t ion  coe f f i c i en t  + 0.52, P < 0.01). 

No dependence was noted between 

The establishment of t h i s  co r re l a t ion  i s  of i n t e r e s t  f o r  c l a r i f i c a t i o n  
of t h e  o r ig in  of the  rheocardiographic curve, ind ica t ing  a grea t  r o l e  i n  i t s  
formation o f  t h e  o s c i l l a t i o n s  involved ' in  blood f i l l i n g .  Also, t h e  determin- 
a t ion  of t h i s  dependence makes it possible  t o  approacfi, t.0. ,a ce r t a in  extent  a 
q u a l i t a t i v e  d e f i n i t i o n  of an important hemodynamic ind ica tor ,  t h e  blood 
volume per  beat .  

Ind i rec t  confirmation of t h e  p o s s i b i l i t y  of comparative evaluation of - /221  
changes i n  t h e  volume per  beat using rheocardiography i s  provided by the  da t a  
produced by I. N. Ivanitskaya (1962) i n  a rheocardiographic inves t iga t ion  of 
a group of a t h l e t e s  who held t h e i r  b rea th  both i n  the  inha la t ion  and i n  t he  
exhalat ion phase. 
i n  s y s t o l i c  volume during inha la t ion ,  amounting t o  an increase of  an average 
of 25% (De Lalla, Brown, 1950; De S o l d a t t i ,  1951). 

A presumption'used i n  t h i s  inves t iga t ion  was the  va r i a t ion  

Comparison of t he  values  of  t h e  ascending sec to r  of t he  rheocardiogram 
ca lcu la ted  i n  ohms showed t h a t  t h e  mean value of  t h i s  interval  during 
inha la t ion  exceeds the  'mean value of t h i s  i n t e r v a l  calculated when recorded 
upon exhalation by an average of 23%. 
showed t h a t  changes i n  t h e  ascending sec to r  of t h e  rheocardiogram were 
s imi l a r  t o  changes i n  the  value of volume per  bea t .  I t  might be thought t h a t  
quan t i t a t ive  ana lys i s  of  t h e  rheocardiogram would be expedient f o r  observa- 
t i ons  of dynamic changes i n  cardiac a c t i v i t y  of a t h l e t e s .  

The r e s u l t s  of  t he  inves t iga t ion  thus 

Precordial rheocardiography. In recent  years  i n  cardiographic 
inves t iga t ions ,  a var i e ty  of rheocardiography ca l l ed  precordial  rheocardio- 
graphy, o r  "herznaherheokardiographie", has become widespread. The f irst  
va r i e ty  o f  t h i s  method was introduced by Heeger (1957), a f t e r  which the  
method was developed i n  d e t a i l  by Yu. T. Pushkar' (1959, 1961). Precordial  
rheocardiograms a re  recorded using small area e lec t rodes  (1 x 1.5 cm), 
one placed i n  t h e  four th  i n t e r c o s t a l  space on t h e  l e f t  of  the  sternum, 
another i n  the  area of t h e  apex of  the  hea r t .  I t  i s  believed t h a t  t h e  
formation of precord ia l  rheocardiograms (PRKG) i s  p r a c t i c a l l y  determined by 
changes i n  t h e  a c t i v i t y  of the  hear t  i t s e l f ,  and t h a t  t he  curve recorded i n  
t h i s  manner i s  similar t o  an electrocardiogram of  the  area of the l e f t  
ven t r i c l e .  In i t s  appearance, t h e  precordial  rheocardiogram i s  reminiscent 
of a type I1 chest  rheocardiogram (Figure 63) and i s  character ized by t h e  
presence of two waves -- t he  descending s y s t o l i c  and the  ascending d i a s t o l i c  
waves. 
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It  is  i n t e r e s t i n g  t o  note  t h a t  curves similar t o  type I chest  rheo- 
cardiograms a r e  general ly  not encountered during recordings using t h e  
precordial  lead, and are general ly  recorded only i n  a f e w  individual  cases.  
Apparently, precordial  rheocardiograms of type I are produced i n  these  cases 
as a r e s u l t  o f  improper appl icat ion of t h e  electrodes and t h e  r e s u l t i n g  
increase i n  t h e . r o l e  of t h e  vascular  f a c t o r  i n  t h e  formation of t h e  curve. 

The da ta  from t h e  l i t e r a t u r e  i n d i c a t e  considerable c a p a b i l i t i e s  f o r  
precordial  rheocardiography i n  t h e  performance of phase analysis  of t h e  
cardiac contract ion.  I n  p a r t i c u l a r ,  it has been noted t h a t  t h i s  curve can be / 2 2 2  
used t o  determine t h e  length of t h e  stress phase and t h e  expulsion phase 
(Yu. T. Pushkar',  1961; Heeger, 1957). The r e s u l t s  o f  our own inves t iga t ions  
(A. D. Budkov, 1962) lead u s  t o  t h e  conclusion t h a t  t h i s  curve i n  a high 
percentage o f  cases shows only point  C, corresponding t o  the  beginning o f  
phase of expulsion of  t h e  blood from t h e  v e n t r i c l e s  (92%), and point  E ,  
corresponding t o  t h e  beginning o f  t h e  I1 tone (95%). 
cardiogram, when recorded synchronously with e l ec t ro -  and phonocardiograms, 
can be used t o  determine t h e  durat ion of t h e  stress phase ( i n t e r v a l  from 
Q wave of t h e  electrocardiogram t o  point  C on precordial  rheogram), t h e  
duration of t h e  phase of igometr ic ,contract ion ( in t e rva l  from i n i t i a l  highc 
frequency o s c i l l a t i o n s  of tone I t o  po in t  C of precordial  rheogram) and t h e  
duration of t he  i n t e r v a l  from t h e  beginning of expulsion t o  t h e  beginning o f  
tone 11, including t h e  summary durat ion of t h e  per iod of expulsion and t h e  
p ro tod ia s to l e  ( i n t e r v a l  C-E). 

The precordial  rheo- 

.A comparison of t h e  durat ion of t he  stress period (T) and t h e  phase of 
isometr ic  contract ion ( I C )  us ing t h e  p reco rd ia l  rheocardiogram with t h e  
duration of t hese  periods calculated using t h e  polycardiographic method, as 
w e l l  as d i r e c t  comparison of po in t  C on t h e  precordial  rheocardiogram with 
t h e  Z wave of t h e  dynamocardiogram (see Figure 63),  showing the  beginning o f  
t h e  phase o f  expulsion on t h i s  curve, i nd ica t e s  t h a t  t h e  moment of beginning 
o f  t h i s  phase i s  r e l i a b l y  determined on t h e  precordial  rheocardiogram. 
po in t s  on t h e  precordial  rheocardiogram are not as s t r i c t l y  def inable  as 
points  C and E ,  and t h e i r  p r e c i s e  correspondence t o  individual  moments of 
cardiac a c t i v i t y  has not been determined. I n  the  l i t e r a t u r e ,  t he re  are 
ind ica t ions  t h a t  i n  addi t ion t o  temporal ana lys i s  of  t h e  precordial  rheo- 
cardiogram, i t  i s  a l s o  expedient t o  perform q u a n t i t a t i v e  analysis  of t h i s  
curve, s ince ,  as t h e  r e s u l t s  of c e r t a i n  inves t iga t ions  ind ica t e ,  t he  value o f  
t he  s y s t o l i c  s e c t o r  of t h e  precordial  rheocardiogram changes i n  proportion t o  
changes i n  t h e  volume p e r  beat  (Yu. T.  Pushkar',  1961). 

- /223 

Other 

Usage o f  t he  method o f  precordial  rheocardiography i n  the  inves t iga t ion  
of hemodynamics i n  persons involved i n  s p o r t s  apparently can be f a c i l i t a t e d  
by t h e  fact t h a t  when c e r t a i n  recording conditions are observed (proper 
loca t ion  of e lectrodes,  c a r e f u l  l ub r i ca t ion  o f  e lectrodes 'wi th  a s p e c i a l  
paste ,  r e l i a b l e  f i x a t i o n  of e l ec t rodes ,  achieved by using spec ia l  l i g h t  
e lectrodes with p l ex ig l a s s  mounts, p r e c i s e  balancing of t h e  instrument),  
recording of t h e  p reco rd ia l  rheocardiogram can be performed f o r  human 
sub jec t s  under conditions o f  muscular work. A. D. Budkov (1962) recorded the  
precordial  rheocardiogram o f  p r a c t i c a l l y  healthy person and a t h l e t e s  o f  
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high qualification (55 test subjects) before and after measured muscular 
work. He recorded the following simultaneously: rheocardiogram, electro-, 
phono- and dynamocardiogram and carotid artery sphygmogram (see Figure 6 3 ) .  
This investigation made it possible to determine dynamic changes in the 
duration of the stress period, duration of isometric contraction, as well as 
changes in the interval from point C to point E, indirectly indicating 
changes in the duration of the phase of blood expulsion from the ventricles1. , 

E KG 

P KG- 

PRKG 

LONG 
DKG 
E KG 

Figure 6 3 .  Precordial Rheocardiogram 

The results of the investigation performed also demonstrated the 
expediency of  using precordial rheocardiograms in dynamic investigations in 
order to determine changes in the value of blood volume per beat. 
found that the amplitude of the systolic sector, calculated in ohms, gener- 
ally increased under the influence of muscular work (Figure 64).  
increase in the amplitude fluctuated between 40 and 133%. 

It was 
- /224 

The 

, .  

l.Changes in this period are indirect, and therefore not a direct reflection 
of  changes in the duration of the expulsion phase, since it includes the 
protodiastolic period, the inclusion of which in the duration of expulsion is 
physiologically unfounded. 
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Figure 64. Precordial  Rheocardiogram. Recorded 
Before ( A )  and After  (B)  Physical Loading. A n  
increase i n  the  amplitude of the descending s y s t o l i c  
wave i n  t h e  curve a f t e r  loading i s  noted. 

In conclusion, l e t  us d i scuss  b r i e f l y  the  p o s s i b i l i t i e s  f o r  using t h e  
rheographic method o f  i nves t iga t ion  i n  studying per iphera l  blood c i r c u l a t i o n  
and the  s p e c i f i c s  of  blood flow i n  ind iv idua l  organs. 

Peripheral  rheosphygmograms. The formation of t h e  per iphera l  rheo- 
sphygmogram or simply the  extremity rheogram i s  determined by f luc tua t ions  i n  
t h e  f i l l i n g  condi t ions o f  t h e  ves se l s  and the  r e l a t e d  f luc tua t ions  in  t h e i r  
cross  sec t ions  (A. A.  Kedrov, 1941; I .  N .  Ivani tskaya,  1962; Nguen Zun, 1964; 
Bonjer e t  a l . ,  1952; Kaindle e t  a l . ,  1959; Matzdorf, 1961). O f  p r inc ipa l  
s ign i f i cance  i n  t h e  formation o f  t h i s  curve a r e  t h e  f luc tua t ions  i n  blood 
f i l l i n g  of  t h e  l a rge  a r t e r i e s .  This i s  p a r t i c u l a r l y  ind ica ted  by r e s u l t s  o f  
i nves t iga t ions  involving recording of  rheograms i n  an experiment under 
condi t ions of t ransverse  compression of t h e  femoral ve in  and femoral a r t e r y ,  
as w e l l  as d a t a  produced i n  man during recording of  a rheogram under condi- 
t i o n s  of compression o f  t h e  ex t remi t ies  with a c o l l a r  i n  which var ious 
pressures  were c rea ted  ( I .  N. Ivani tskaya,  1962). Analysis of  t h e  curves 

imposs ib i l i t y  of  recording any curve, while i n t e r rup t ion  of veinous flow had 
a considerably lesser inf luence on t h e  course of  t h e  curve. Recording of  
rheograms under experimental .conditions has demonstrated t h e  r e l a t ionsh ip  of 
t he  amplitude o f  t h e  rheogram wave t o  the  e l e c t r o l y t i c  composition of t h e  
blood, which determines i t s  e l e c t r i c a l  conduct ivi ty .  This has been de te r -  
mined by inves t iga t ions  e s t ab l i sh ing  an increase  i n  t h e  amplitude of t h e  

/225 thus recorded showed t h a t  i n t e r r u p t i o n  of  a r t e r i a l  blood flow leads t o  - 
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rheogram i n  an experiment immediately a f t e r  intravenous i n j e c t i o n  of  a 
5% sa l t  so lu t ion  ( I .  N. Ivani tskaya,  1962) and a decrease a f t e r  i n j e c t i o n  of  
gum a rab ic  i n t o  t h e  blood (Bonjer e t  a l . ,  1952). 

An important advantage of t h e  rheographic method of  i nves t iga t ion  is  i t s  
g rea t  s e n s i t i v i t y ,  t he  p o s s i b i l i t y  of s tandard iza t ion  and c a l i b r a t i o n  of t h e  
curve, and t h e  recording condi t ions,  which do not  exhaust t h e  test  subjec t .  
In  an inves t iga t ion  of per iphera l  blood flow using rheography, two leads o f  
t h e  per iphera l  rheogram a r e  genera l ly  used -- t h e  longi tudina l  and t ransverse  
leads.  In  order  t o  record a longi tudina l  rheogram, the  e lec t rodes  a r e  placed 
on t h e  ex t remi t ies ,  one proximally, t he  o the r  d i s ta l l -y ,  while t h e  recording 
of  a t r ansve r se  curve r equ i r e s  t h a t  t he  e lec t rodes  be placed a t  t h e  same 
l eve l  of  t he  s e c t o r  being inves t iga ted ,  symmetrically opposi te  one another.  

i 
,/ 

The usage of a t ransverse  rheogram makes it poss ib l e  t o  l o c a l i z e  
vascular  damage p rec i se ly  (Kaindle, 1959; Polzer  e t  a l . ,  1960), while 
ana lys i s  of a longi tudina l  rheogram can provide valuable  information 
concerning the  na ture  o f  t h e  damage ( func t iona l ,  organic) (Kaindle e t  a l . ,  
1959) and, furthermore, and which i s  p a r t i c u l a r l y  important i n  the  perform- 
ance of inves t iga t ions  i n  p r a c t i c a l l y  hea l thy  persons,  t h e  longi tudina l  
rheogram can i n d i c a t e  t h e  condi t ion o f  t h e  vascular  tonus and e l a s t i c  proper- 
t i e s  o f  t he  ves se l s  (V. A. Karelin,  1957; Kaindle, 1959) and t o  some exten t  
can give information on the  condi t ion of t he  muscular system i n  t h e  extrem- 
i t i e s  (F ior io ,  1960). 

In  addi t ion  t o  the  q u a l i t a t i v e  ana lys i s  of  rheograms (evaluat ion o f  
amplitude and morphological s p e c i f i c s  o f  t h e  curve) ,  i n  recent  years  ever  
g r e a t e r  s ign i f i cance  has been at tached t o  q u a n t i t a t i v e  ana lys i s  of t h e  curve. 
I t  has been es tab l i shed  t h a t  t he  value of t h e  s y s t o l i c  wave on the  rheogram, 
expressed i n  ohms, r e f l e c t s  t he  value o f  t h e  r e l a t i v e  pulse  volume, On, t h e  
Jantsch-Schuhfried ind ica to r  (Caponetto, 1961, 1962; Matzdorf, 1961). This 
i n d i c a t o r  i s  ca lcu la ted  as t h e  product 

where A i s  t h e  amplitude o f  t he  s y s t o l i c  s e c t o r  o f  t h e  rheogram; 
R i s  t h e  r e s i s t a n c e  according t o  t h e  ind ica t ions  of  t h e  device; 
t i s  the  dura t ion  of the  card iac  cycle  ( in  sec ) .  

Inves t iga t ions  have shown t h a t  t h e  value of  the  r e l a t i v e  pulse  volume 
undergoes s t a t i s t i c a l l y  r e l i a b l e  changes with var ious changes i n  t h e  pos i t i on  
of t he  body, func t iona l  experiments and var ious  pharmacological inf luences.  

Based on da ta  from the  l i t e r a t u r e ,  we can s e e  t h a t  i n  addi t ion  t o  t h e  
usage of per iphera l  rheography of t he  ex t remi t ies ,  it i s  a l s o  promising t o  
use rheographic inves t iga t ion  of  blood flow t o  t h e  bra in  .and i n t e r n a l  organs 
i n  c l in ica l -phys io logica l  i nves t iga t ions .  

- /226 
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7 The d a t a  of A. S .  Loginov and Yu. T.  Pushkar' (1962) concerning changes 
i n  t h e  rheogram of t h e  l i v e r  might be o f  i n t e r e s t  f o r  t h e  inves t iga t ion  o f  
a t h l e t e s , - s i n c e  w e  know t h a t  hard t r a i n i n g  sometimes causes disrupt ions of 
blood supply t o  t h e  l i v e r .  

l 

.Tachooscillography 

The measurement o f  t h e  ar ter ia l  pressure has become f i rmly  entrenched i n  
The most commonly used methods are t h e  cl l inical  and sports-medical p r a c t i c e .  

bloodless o r  i n d i r e c t  methods, based on determination of t h e  height o f  t h e  
c te rna l  pressure necessary t o  change o r  completely h a l t  blood flow as an 

is  compressed. 

A t  t h e  present  t i m e ,  of  a l l  t h e  methods f o r  bloodless determination of 
arterial  pressure suggested, t h e  audi tory and osci l lographic  methods have 
become p r a c t i c a l l y  s i g n i f i c a n t .  In  the  audi tory method, suggested by 
N .  S. Korotkov (1905), t h e  i n d i c a t o r  used t o  determine t h e  pressure,  as w e  
know, cons i s t s  of t h e  audi tory phenomena a r i s i n g  as t h e  ves se l s  are 
compressed. Due t o  i t s  s impl i c i ty  and a c c e s s i b i l i t y ,  t h i s  method is  gener- 
a l l y  recognized, and i s  unequaled i n  p r a c t i c a l  s ign i f i cance .  However, i n  
s p i t e  of t h i s ,  t h e  audi tory method has a number o f  e s s e n t i a l  de fec t s .  Thus, 
t h e  audi tory method f o r  t h e  measurement of a r t e r i a l  pressure i s  sub jec t ive  t o  
a s i g n i f i c a n t  ex ten t .  This is confirmed by a spec ia l  i nves t iga t ion  performed 
by Wright, Schneider and Ungerleider (1938), who organized c o l l e c t i v e  
measurement o f  blood pressure simultaneously using a s i n g l e  phonendoscope. 
The va r i a t ions  i n  t h e  ind ica t ions  o f  d i f f e r e n t  doctors as concerns d i a s t o l i c  
pressure reached 20 mm Hg, s y s t o l i c  pressure - -  16 mm Hg. 

Furthermore, t he  audi tory method gives a very approximate i d e a  only 
concerning t h e  maximum and minimum pressures .  F ina l ly ,  audi tory phenomena 
are nonconstant, and a t  times t h e i r  sequence i s  disrupted,  t o  t h e  point  of 
complete omission of c e r t a i n  phases "auscul ta t ive omissions." As t he  blood 
flow changes, such anomalies as t h e  "endless tone" (M.  V. Yanovskiy, 1911; 
D.  0. Krylov, 1930) a r e  common. The d a t a  of t h e  audi tory method, as a r u l e ,  
do not  agree with the  ind ica t ions  of o t h e r  i n d i r e c t  and d i r e c t  (blood) 
methods ( G .  F. Lang, S. M. Mansvetov, 1908; A. S. Lebedev, 1911; Bergen 
e t  a l . ,  1954). 

The osc i l l og raph ic  method of determination o f  a r t e r i a l  pressure w a s  
f i r s t  suggested by Marey i n  1878, due t o  i t s  o b j e c t i v i t y ;  i t  seemed t h a t  it 
had broad promise i n  comparison with t h e  audi tory method. 
i n d i c a t o r  i n  t h i s  method i s  t h e  change i n  t h e  magnitude and form o f  
o s c i l l a t i o n s  o f  t h e  vascular  w a l l  under t h e  influence o f  v a r i a t i o n s  i n  
pressure i n  t h e  c o l l a r .  These f luc tua t ions  are perceived by a spec ia l  
d i f f e r e n t i a l  manometer and automatically shown i n  t h e  form o f  a curve -- t h e  
arterial  oscillogram. 
bu t  mean a r te r ia l  pressure t o  be determined. 

- /227 
The pressure 

This method allows not  only the  maximum and minimum, 
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However, t he  t echn ica l  de fec t s  of t h e  devices and absence of  genera l ly  
accepted methodology f o r  decoding oscil lograms have prevented broad i n t r o -  
duction o f  t h i s  method i n  c l i n i c a l  or s p o r t s  medicine. 
i n t o  considerat ion t h e  opinion of  G. F. Lang (1959) who indica ted  t h a t  t h e  
osc i l l og raph ic  method ... "is t echn ica l ly  imperfect and t h e  p r inc ip l e s  upon 
which it is based a r e  doubtful.!' 

Also, we should take  

Due t o  t h e  defec ts  i n  ordinary osci l lography,  t he  search was continued 
for d i f f e r e n t  i n d i r e c t  bu t  graphic  methods of  determining t h e  ar ter ia l  
pressure.  

In 1934, N. N. Savi t sk iy  c rea ted  a new design f o r  a d i f f e r e n t i a l  
manometer, with high s e n s i t i v i t y  (80-100 H z ) .  Using t h i s  manometer, it 
became poss ib le  t o  record a curve of t he  rate of f i l l i n g  of a r t e r i e s  with 
blood during t h e  per iod of t h e  sys.tole and emptying of  a r t e r i e s  during the  
d i a s t o l e  under t h e  inf luence of  increased pressure  i n  a co l la r , .  Actually,  
t h e  N. N. Savi t sk iy  manometer was f i rs t  used t o  record the  ac tua l  d i f f e r -  
e n t i a l  curve. 

Emphasizing t h e  d i f f e r e n t i a t i n g  s p e c i f i c s  of t h i s  type of oscil logram, 
N.  N.  Savi t sk iy  c a l l e d  them v e l o c i t y  curves o r  tachooscil lograms and t h e  
method of  determination o f  pressure  came t o  be ca l l ed  tachooscil lography. 

On t he  b a s i s  of broad experimental i nves t iga t ions  and deep t h e o r e t i c a l  
ana lys i s  of  the  form of t h e  tachooscil logram, N. N. Savi t sk iy  developed a 
p r i n c i p a l l y  new method for t h e i r  i n t e r p r e t a t i o n .  

The d i f f e rence  i n  p r i n c i p l e  of t he  tachoosc i l lographic  method from a l l  
o the r  methods i s  t h a t  it determines the  a r t e r i a l  p ressure  regard less  of t he  
p rope r t i e s  and condi t ion of  t he  vascular  walls. 
a l s o  include i t s  o b j e c t i v i t y  and good accuracy ( e r r o r  i n  determining 
pressure  not over 5-6 mm Hg). 

The advantages t o  the  method 

The tachooscil logram, i n  addi t ion  t o  the  maximum and minimum pressures ,  
i n  a l l  cases c l e a r l y  shows t h e  average pressure.  
t h e  recording of t h e  l a t e r a l  or piezometric s y s t o l i c  pressuEe experienced by 
a r t e r i a l  walls by an i n d i r e c t  method. 

ac tua l  l a t e r a l  p ressure  on t h e  a r t e r i a l  wal ls  (Fabre, 1925; 'Muller,  1924; 
G .  F. Lang, 1930). 

This method f irst  allowed 

Thanks t o  t h i s ,  we can ca l cu la t e  t h e  
/228 s t roke  pressure,  by which, as we know, t h e  maximum pressure  exceeds t h e  - 

Tachooscil lographic techniques. Tachooscillograms are recorded using a 
universa l  photographic recording device, t he  "mechanocardiograph" produced by 
t h e  "Krasnogvardeyets" p l an t  on the  bas i s '  of t he  N-106 un ive r sa l  recording 
device. The manometers of t h e  mechanocardiograph ( including the  d i f f e r -  . 
e n t i a 1  manometers) have high na tu ra l  f requencies  (90-100 H z ) .  

The tachooscillogram is  recorded as pressure  i s  increased i n  t h e  c o l l a r  
which doubt less  i s  a c l o s e r  r e f l e c t i o n  of t h e  condi t ion of  l oca l  c i r cu la t ion  
than the  ordinary method of recording during decompression. The increase i n  
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t h e  pressure  i n  t h e  c o l l a r  may be  a t  various r a t e s  (2-3-5-6.5 mm Hg pe r  
s ec ) .  
speeds -- 5 o r  10 mm/sec. A t  t h e  same t i m e  as t h e  d i f f e r e n t i a l  curve, 
a curve o f t h e  pressure  i n  t h e  c o l l a r  is  recorded, as well  as a rad ia l '  
a r t e r y  sphygmogram and a time mark (Figure 65). 

Recording o f  t he  tachooscillogram is  performed a t  low char t  movement 
I 

t 

F i g u r e  65. Tachoosci 1 logram (Pos td ic ro t ic  T y p e ) .  Top curve,  
radial  a r t e r y  sphygmogram; center ,  tachooscillogram; bottom, 
curve of pressure i n  c o l l a r  and horizontal  l i n e  corresponding 
t o  i n i t i a l  pressure o f  40 mm Hg. Arrows show desc r ip t ive  
c h a r a c t e l i s t i c s  o f  pressure ( l e f t  t o  r i g h t ) :  minimal , mean, 

l a t e r a l  s y s t o l i c  a n d  maximal. 

The tachooscil logram i s  read using the  charac te r  o f  t h e  changes i n  
d i a s t o l i c  curve s e c t o r s  (see Figure 65). 

The minimum pressure  is  determined a t  t he  moment o f  a c l e a r  drop i n  t h e  
d i a s t o l i c  por t ion  of t he  d i f f e r e n t i a l  curve below i t s  zero pos i t i on .  Ins ig-  
n i f i c a n t  and uns tab le  drops i n  t h e  curve a r e  not considered (see Figure 65) .  
On t h i s  tachooscil logram, t h e  d i f f e r e n t i a l  curve i s  lower due t o  deepening of  
i t s  p o s t d i c r o t i c  por t ion .  This p o s t d i c r o t i c  type o f  curve i s  most f requent ly  
formed i n  o lde r  persons.  For younger persons, a p r e d i c r o t i c  type of  
curve i s  more c h a r a c t e r i s t i c ,  i n  which t h e  d i a s t o l i c  por t ion  i s  dropped 
due t o  a p r e d i c r o t i c  wave (Figure 66). 

The mean hemodynamic pressure  corresponds t o  t h e  moment of appearance of  

Since t h e  f'humpll appears a t  t h e  moment of first c losure  of t he  
the  t h i c k  por t ion  ("hump") on the  ascending por t ion  o f  t h e  d i a s t o l i c  s e c t o r  
of t h e  curve. 
vascular  lumen beneath t h e  c o l l a r ,  N. N.  Savi t sk iy  c a l l e d  it t h e  "closure 
wave." 
usua l ly  corresponding with t h e  most p o s i t i v e  o s c i l l a t i o n ,  i f  it i s  c l e a r l y  
defined. 

This c losu re  wave i s  always c l e a r l y  formed on v e l o c i t y  curves,  

The determining c h a r a c t e r i s t i c  of t h e  l a t e r a l  s y s t o l i c  pressure  i s  the  
highest  negat ive o s c i l l a t i o n  a f t e r  t he  c losu re  wave. 
t he  optimal poss ib l e  blood volume pene t r a t e s  t o  the  ves se l  squeezed beneath 

During t h i s  time, 
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t he  c o l l a r ,  t he  volume which i s  expended a t  t he  maximum poss ib le  ra te ,  and 
t h e  pressure i n  t h e  c o l l a r  corresponds t o  t h e  t r u e  la te ra l  or piezometric 
pressure.  

t 
The f i n a l  s y s t o l i c  or maximum pressure i s  recorded a t . t h e  moment of 

disappearance of pu lsa t ion  of t h e  r a d i a l  a r t e ry .  
of t h e  c o l l a r  equal izes  not only t h e  lateral pressure,  but a l s o  the  k i n e t i c  
energy of  movement of  t he  blood, and t h e  lumen of t he  vesse l  remains closed 
even during the  s y s t o l e  of  t he  hea r t .  

A t  t h i s  time, t he  pressure 
- /229 

In order t o  use the  tachooscillogram t o  f i n d  t h e  numerical value of  
pressure,  we must drop a v e r t i c a l  l ine,  from t h e  desc r ip t ive  poin t  on t h e  
d i f f e r e n t i a l  curve. The dis tance from t h e  poin t  o f  i n t e r sec t ion  of t h i s  
v e r t i c a l  l i n e  with t h e  pressure curve t o  the  hor izonta l  l i n e  i s  measured i n  
mm. This number i s  doubled, 40 i s  added and t h e  height  o f  t h e  ar ter ia l  
pressure i n  mm of mercury i s  thus produced. 

. .  ,. .: , . . . . . . . . .  , . . .. , - . .. . . .  - . .  . . .  . .  

. .  

Figure 66. Pred icro t ic  Type o f  Tachoosci 1 logram. Symbols 
same as  on Figure 65. 

On tachooscillograms recorded a f t e r  physical  exercise  during increased - /230 
hear t  work, r e sp i r a to ry  o s c i l l a t i o n s  i n  the  desc r ip t ive  cha rac t e r i s t i c s  o f  
t h e  pressure waves frequent ly  arise.  
N.  N .  Savitskiy (1956), these o s c i l l a t i o n s  i n  pressure are expressed !in 
pa t i en t s  suf fe r ing  from hypertension a t  rest .  According t o  our da ta ,  a f te r  
loads the  r e sp i r a t ion  has very l i t t l e  inf luence on t h e  value of  minimal and 
mean pressure ( f luc tua t ions  not over 5-6 mm Hg). 

According t o  t h e  observations of  

Most f requent ly  t h e  la te ra l  s y s t o l i c  pressure f luc tua te s  over consider- 
ab le  l i m i t s  (up t o  10-20 mm Hg). In these  cases ,  according t o  the  recommend- 
a t ions  of N .  N. Savi tskiy,  we should f ind  t h e  mean value among the  two or 
t h r e e  g rea t e s t  negative o s c i l l a t i o n s .  

Tachooscillography i n  medical t e s t ing .  On the  b a s i s  o f  general izat ion 
of t h e  r e s u l t s  o f  tachooscil lographic inves t iga t ions  of var ious authors,  
N .  N, Savi tskiy (1956) bel ieves  t h a t  i n  heal thy persons the  la te ra l  s y s t o l i c  
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pressure  l i e s  between 90 and 100 mm Hg. 
l a t e r a l  s y s t o l i c  pressure,  t he  so-ca l led  llhemodynamic impact" or s t roke  
pressure,  averages 15 mm Hg with a l i m i t  of  f l uc tua t ions  o f  +5 mm Hg. The 
mean pressure  i n  heal thy persons has g rea t e s t  constancy and i t s  normal range 
i s  80-90 mm Hg. 
constancy of  mean pressure.  The d i f fe rence  between the  mean and minimum 
pressures ,  according t o  N. N. Savi t sk iy  (1956), averages 22.8 mm Hg. In  
heal thy persons,  it i s  always g r e a t e r  than the  d i f f e rence  between mean and 
l a t e r a l  pressure,  which averages 15.2 mm Hg. 

The d i f f e rence  between t h e  f i n a l  and 

The minimum pressure  i s  a l s o  q u i t e  constant ,  near  t h e  

The tachoosci l lographic  method w a s  t h e  first t o  allow well  founded 
el iminat ion of  p o s s i b i l i t y  of pathology i n  hea l thy  t r a ined  a t h l e t e s  i n  cases  
o f  moderate increases  i n  a r t e r i a l  p ressure  due only t o  an increase  i n  t h e  
hemodynamic impact of 25-30 mm with normal minimal, mean and l a t e r a l  
s y s t o l i c  pressures  (V. I. Kuznetsov, 1947; V. P.  Nik i t in ,  1959; Yu. I .  Kuzne- 
tsov,  1956). 

A l l  authors  using t h e  tachoosci l lographic  method f o r  t h e  inves t iga t ion  
of  a t h l e t e s  a t  r e s t  have ind ica ted  t h a t  they d id  not  f i nd  any e s s e n t i a l  
d i f fe rences  from the  l i t e r a t u r e  da t a  on tachoosci l lographic  inves t iga t ions  of  
heal thy persons not involved i n  spo r t s  (Yu. I. Kuznetsov, 1956; N .  V. Savina, 
1958; Ye. Y a .  Likhachevskaya, 1959; V. V. Vasil 'yeva,  1953). 

In  comparing the  da t a  of t r a ined  and untrained a t h l e t e s  a t  r e s t ,  a 
tendency has  been observed t o  some decrease i n  t h e  minimal, mean and l a t e r a l  
s y s t o l i c  pressures  i n  t r a i n e d  a t h l e t e s  (Yu. I .  Kuznetsov, 1956). In  
comparing the  height  of  t he  maximum pressure,  lower f igu res  were found f o r  
long-distance runners,  i . e .  a t h l e t e s  whose t r a in ing  includes many exerc ises  _I_ /231 
f o r  t h e  development of  endurance. In  t r a ined  swimmers, rowers, boxers, and 
weight l i f t e r s  t h i s  tendency was not noted, and the  height  o f  t he  maximum 
pressure  was found the  same as i n  untrained persons. 

During funct ional .  experiments involving physical  loadings,  and a l s o  
during var ious spo r t s  exerc ises ,  tachoosci l lographic  da t a  have shown t h a t  t h e  
lift height  of the  maximum pressure  is  influenced by t h e  s t roke  pressure ,  
which increases  i n  p a r a l l e l  with t h e  i n t e n s i t y  of muscular work. The l a t e r a l  
s y s t o l i c  pressure  i s  increased much l e s s  than the'maiimum pressure  and 
r e tu rns  t o  i t s  i n i t i a l  l eve l  more rap id ly .  

In  t r a ined  persons,  loads have l i t t l e  in f luence  on the  average and 
minimal pressures .  Even a f t e r  very in tens ive  high-speed loads (running 
400 m), i n  s p i t e  of t h e  sharp increase  i n  maximum pressure  t o  200-220 mm Hg, 
t he  average pressure  increases  only s l i g h t l y  by 5-15 mm Hg. 
pressure,  according t o  the  da t a  of  tachooscil lography, a l s o  changes l i t t l e  
and has c l e a r  s t a b i l i t y ,  corresponding t o  t h e  mean pressure  s t a b i l i t y .  

The minimum 

After  loading, t h e  mean and minimal pressure  r e t u r n  t o  t h e i r  i n i t i a l  
values  most r ap id ly ,  followed by t h e  l a t e r a l  s y s t o l i c  and f i n a l l y  t h e  maximum 
pressures  (Figure 67). 
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Figure 67. Changes i n  Pressure During Functional Exper- 
i m e n t  w i t h  2 m i n  R u n n i n g  i n  Place According t o  Tacho- 
osc i l l og raph ic  Data (Mean Data o f  Groups o f  12 Persons 
Each). Solid l i n e ,  maximum pressure ;  d o u b l e  l i n e ,  
l a t e r a l  s y s t o l i c  pressure ;  heavy d o t t e d  l i n e ,  mean 
pressure;  d o t t e d  l i n e ,  m i n i m u m  pressure;  t h i n  s o l i d  

l i n e ,  m i n i m u m  pressure a f t e r  Korotkov 

Some t i m e  af ter  t h e  f i n i s h ,  t h e  maximum, as well  as l a t e r a l ,  mean and 
minimum pressure  may drop below the  i n i t i a l  f igures  before  t h e  run. 
observed after long-distance running. 

This i s  

- 
between the  changes i n  minimum and mean pressures :  with a considerable 
( a f t e r  loading) increase  i n  t h e  mean pressure ,  t h e  minimum pressure  increases  
a l so .  If t h e  changes i n  minimum pressure  a r e  l e s s ,  the  mean pressure  a l s o  
remains e s s e n t i a l l y  unchanged. 

According t o  our da t a ,  t he re  is no s t r i c t l y  expressed i n t e r r e l a t i o n s h i p  

These d a t a  agree with t h e  r e s u l t s  of 
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t h e o r e t i c a l  ca l cu la t ions ,  experimental i nves t iga t ions  and tachoosci l lographic  
observat ions of  N. N.  Savi t sk iy  (1963). I n  c o n t r a s t  t o  t h e  conceptions 
properly held,  N. N .  Savi t sk iy  be l ieves  t h a t  under physiological  condi t ions 
t h e  value of  t r u e  minimum and l a t e r a l  s y s t o l i c  pressure,  as well  as mean 
pressure ,  are d is t inguished  by their  comparative constancy and t h a t  t h e r e  i s  
a d e f i n i t e  dependence between them and t h e  mean pressure .  

A comparison o f  t he  r e s u l t s  of inves t iga t ion  of  well t r a ined  runners,  
swimmers and unt ra ined  athletes allowed two va r i an t s  o f  combinations of  
r eac t ions  of the'minimum and mean pressures  t o  be d is t inguished  during a 
func t iona l  experiment involving two minutes run1 (see Figure 67). 

Variant I. Minimum pressure  remains unchanged o r  f l u c t u a t e s  s l i g h t l y  /232  - 
within l i m i t s  of  10 mm Hg. 
increases ,  but  not over 10-12 mm Hg, and absolute  value does not  exceed 
90-95 mm Hg, i .e.  does not  exceed l i m i t s  o f  physiological  f l uc tua t ions  a t  
rest . 

Mean pressure  a l s o  remains unchanged or 

Variant 11. Minimum pressure  genera l ly  increases  by more than 10 mm Hg. 
Mean pressure  a l s o  increases  and, as a r u l e ,  by over 15 mm Hg, i t s  absolu te  
value exceeding 95-100 mm Hg. 

. The na ture  and q u a n t i t a t i v e  expression of t he  interdependent changes of 
minimum and mean pressures  a r e  r e l a t e d  t o  t h e  general  s t a t e  of t r a i n i n g  of 
t h e  a t h l e t e  and h i s  s p e c i a l  t r a i n i n g  f o r  t h e  type o f  physical  load involved 
i n  t he  funct ional  experiment. 

As we can see  from comparison of average da ta  (see Figure 67),  l i g h t  
a t h l e t e s  with good prepara t ion  f o r  running exerc ises ,  when subjected t o  a 
two-minute run i n  p lace ,  show smaller  changes i n  a l l  values and a more r ap id  
r e tu rn  t o  t h e  i n i t i a l  values  than a t h l e t e s  no t  t r a ined  f o r  running (swimmers) 
or untrained a t h l e t e s .  Runners, as a r u l e ,  show the  f i rs t  va r i an t  of  t h e  
r eac t ion  o f  minimum and mean pressures .  

In  well  t r a ined  a t h l e t e s  not  t r a ined  f o r  running (swimmers) and 
untrained a t h l e t e s ,  t h e  maximum and l a t e r a l  s y s t o l i c  pressures  increase  i n  
approximately the  same manner. However, t he  minimum and mean pressures  i n  
swimmers change l e s s  than i n  untrained persons,  i n  'which pr imar i ly  t h e  second 
va r i an t  of  f l uc tua t ions  i n  these  p re s su re ,va lues  is  observed. 

The considerable  s t a b i l i t y  of  t h e  mean and minimum pressures  under 
loading ind ica t e s  b e t t e r  agreement of q u a n t i t a t i v e  and q u a l i t a t i v e  changes on 
t h e  p a r t  of  ind iv idua l  por t ions  o f  t h e  c i r c u l a t o r y  system (hear t ,  l a r g e  
ves se l s ,  p recap i l l a ry  lumen). 
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On t h e  bas i s  of  our da ta ,  t h e  f i rs t  va r i an t  o f  t h e  combined r eac t ion  of  
minimum and mean pressures  can be looked upon as the  more favorable  va r i an t ,  
ind ica t ing  good funct ional  adap tab i l i t y  of t h e  cardiovascular  system of  t h e  
a t h l e t e  t o  t h e  given load. 
mean pressures  i s  less favorable.  

The second var ian t  of  t he  reac t ion  of  minimum and 

Let us discuss  i n  conclusion t h e  comparison of da t a  concerning arterial  
pressure determined with t h e  tachooscillogram and by t h e  Korotkov audi tory 
method. 

Under rest condi t ions,  r a t h e r  c lose  correspondence of  t he  f igu res  f o r  
of minimum and maximum pressures  determined by t h e  two methods was found: 

320 inves t iga t ions  which w e  performed, t he  divergence d id  not  exceed 
18  mm Hg. 

The maximum tachoosci l lographic  pressure,  as a r u l e ,  i s  higher  than t h e  /234 
auscul ta t ive  maximum by an average of 5-6 mm Hg. 
minimum pressure,  i n  a s l i g h t  major i ty  of  t he  cases, i s  lower than the  
auscul ta t ive  minimum, a l so  by 5-6 mm Hg. A t  t h e  same time, t h e  t rue pulse  
amplitude determined tachoosc i l lographica l ly  by t h e  d i f fe rence  between the  
la teral  s y s t o l i c  and minimum pressures  is  always 15-20 mm Hg less than the  
f igu re  produced by audi tory de f in i t i on .  

The tachoosci l lographic  

In  comparing t h e  ind ica t ions  of t h e  two methods a f t e r  var ious physical  
loads i n  r e l a t ionsh ip  t o  t h e  maximum pressure,  good correspondence is  
observed with the  tachoosci l lographic  da ta  exceeding the  auscul ta t ive  da ta  by 
5-6 mm Hg. As concerns t h e  minimum pressure,  af ter  loading the  ind ica t ions  
o f  t he  two methods diverge q u i t e  sharply a t  times. This i s  manifested most 
notably during t h e  first few minutes of t h e  recovery period a f t e r  b r i e f  and 
very in tens ive  spo r t s  loadings (100-200 m run) ,  when these  divergences 
are re ta ined  f o r  5-10 min. Under these  condi t ions,  t h e  auscul ta t ive  
method shows a sharp reduction i n  minimum pressure (by 40 mm Hg and more), 
and t h e  so-cal led zero minimum pressure o r  "continuous tone" i s  frequent ly  
observed. A t  t he  same time, tachoosci l lographic  inves t iga t ions  under these  
conditions usua l ly  show f luc tua t ions  i n  minimum pressure  of 10-15 mm Hg, 
i. e . ,  no important changes are noted (Table 18).  

Thus, t he  d a t a  of tachooscil lography do not  confirm the  opinions /235 
concerning the  na ture  of  f luc tua t ions  i n  t h e  minimum pressure during loads 
based on ind ica t ions  of t h e  auscul ta t ive  method and widely accepted i n  s p o r t s  
medicine. 
audi tory method under conditions of inves t iga t ion  a f te r  physical  loading t o  
evaluate  changes i n  t h e  minimum ar ter ia l  pressure.  

These da ta  ind ica t e  t h e  imposs ib i l i ty  of using the  Korotkov 

Sphygmography i s  one of t he  o ldes t  physiological  methods used t o  
inves t iga te  t h e  cardiovascular system of man. 
method has once more become widespread i n  connection with progress i n  

In t h e  las t  decade, t h i s  
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medical measurement equipment. Sphygmography is  required t o  make a judgment 
concerning the  func t iona l  s ta te  of  t he  ar ter ia l  system i n  man. In  connection 
with t h i s ,  i t s  usage i n  s p o r t s  medicine i s  q u i t e  promising. 

TABLE 18. HEMODYNAMIC CHANGES D U R I N G  INTENSIVE H I G H - S P E E D  WORK 
A C C O R D I N G  TO T A C H O O S C I L L O G R A P H I C  DATA 

After  400-m run (51.8") 
j 10' I 151 I L - ... 

Method of i nves t iga t ion :  L i g h t  a t h l e t e  j At rest  ' 3 '  1 S-n, 26 years  
o l d ,  I c l a s s  ! 

m i  n i m u m  
average 
maxi m u m  

Savi t s k i y ' s  tacho- max i m u m  
osci  1 lographic method 

pu 1 se 
s t roke  

Korotkov' s audi tory max i m u m  

m i n i m u m  
method 

pulse  a f t e r  10 sec  b 

63 
80 
94 

115 . 

31 
21 

115 

70 
9 

58 
90 

140 
183 

82 ' 

43 
180 

0 
20 

60 60' 
85 84 

130 100 
160 130 

70 40 
30 30 

150 124. 

0 55 
19 18 

The sphygmographic method i s  used t o  record v ib ra t ions  of t h e  a r t e r i a l  
wall r e s u l t i n g  from the  propagation of  t h e  pulse  wave through t h e  ves se l s .  
Recording of t hese  o s c i l l a t i o n s  i s  performed using t ransducers  which convert 
t he  mechanical o s c i l l a t i o n s  t o  e l e c t r i c a l  o s c i l l a t i o n s .  Sphygmography uses 
q u i t e  var ied  t ransducers:  p i z e o e l e c t r i c ,  induct ive,  capac i t ive ,  tensometric 
and o the r  types.  

We must d i f f e r e n t i a t e  between d i r e c t  and volumetric sphygmography. In 
the  f i rs t  case,  we record the  pulse  o s c i l l a t i o n s  using a pe lo t  o r  funnel 
with a i r  t ransmission.  In  t h e  second method, t he  volumetric changes i n  t h e  
body sec to r  being s tudied  a r e  measured using a c o l l a r .  Direct  and volumetric 
sphygmograms are p r a c t i c a l l y  synchronous, but may d i f f e r  s l i g h t l y  i n  form. 

In  recording a volumetric sphygmogram or d i r e c t  sphygmogram with a i r  
t ransmission,  we must take  i n t o  considerat ion the  r a t e  of propagation of  t h e  
pressure  wave i n  the  connecting tubes.  I t  i s  p r a c t i c a l l y  equal t o  t h e  speed 
of  sound. - A i r  t ransmission should not exceed 1 m, s i nce  wave processes  may 
appear i n  longer l i n e s ,  d i s t o r t i n g  t h e  sphygmographic information. In  
addi t ion  t o  t h i s ,  t h e  appearance of t h e  sphygmogram i s  inf luenced by bends 
and angles i n  rubber tubes ac t ing  a s  t ransmi t t ing  l i n e s .  

E l e c t r i c  t ransmission sphygmographs a r e  doubt less  promising f o r  s p o r t s  
medical i nves t iga t ions .  In  these  devices ,  t he  t ransducer  i s  placed i n  t h e  
pe lo t  por t ion  o f  t he  device,  i . e .  t he  conversion o f  mechanical q u a n t i t i e s  t o  
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e l e c t r i c a l  q u a n t i t i e s  i s  performed d i r e c t l y  a t  t h e  po in t  o f  recording of t h e  
pulse  wave. 
wires t o  t h e  amplifying and recording po r t ion  o f  t h e  device.  No d i s t o r t i o n s  
of t h e  s igna l  arise with t h i s  type of  t ransmission.  

The electrical s i g n a l  formed i n  t h e  t ransducer  i s  t ransmi t ted  by / 236  - 

.. . The usage of  such t ransducers  
i n  sphygmography has made t h i s  
method useable  i n  a broad network 
of  t reatment  and preventa t ive  
medicine i n s t i t u t i o n s  and medical- 
physical  c u l t u r e  d ispensar ies .  
Among t h e  domestic devices 
allowing h igh-qual i ty  sphygmograms 
t o  be recorded we can note  t h e  
N. N .  Savis tk iy  mechanocardio- 
graph, t h e  two-channel sphygmo- 
graphic  device developed at t h e  
"Biofizpribor" spec ia l  design 
bureau and t h e  sphygmograph 
manufactured by t h e  "Krasno- 
gvardeyets'! p l an t .  

The sphygmograms recorded 
using p i e z o e l e c t r i c  t ransducers ,  
p a r t i c u l a r l y  those manufactured on 
s i t e ,  a r e  usua l ly  low i n  q u a l i t y .  
The c a p a b i l i t i e s  of  the  sphygmo- 

Figure 68. Synchronous Recording graphic  method are based on t h e  
of  Central  Pulse Curve ( S G ) ,  analys is  of t h e  form of t h e  pulse  
Electrocardiogram ( E K G ) ,  and wave and inves t iga t ion  of t h e  r a t e  
Phonoca rd i og ram (PKG) . of propagation of  t h e  pulse  wave 
i n  t e x t .  through var ious ves se l s .  A l l  of 

t hese  da t a  allow ob jec t ive  evalu- 
a t i o n  of the  e l a s t i c  p rope r t i e s  of 

Ana 1 ys i s 

t h e  a r t e r i a l  ves se l s  and t h e  changes which they undergo under t h e  inf luence 
of  var ious types o f  physiological  ac t ions .  

Pulse wave. The o s c i l l a t i o n s  of  t h e  a r t e r i a l  w a l l  recorded as a 
sphygmogram a r e  t h e  f i n a l  r e s u l t  of t h e  i n t e r a c t i o n  of var ious  physical  
processes  occurr ing i n  t h e  vascular  system a f t e r  a r r i v a l  of t h e  s y s t o l i c  
blood volume. 
pressure ,  changes i n  a r t e r i a l  wall tens ion ,  wave processes  i n  t h e  a r t e r i a l  
system, displacement of  t h e  mass of .blood within the  system, in t e r f e rence  
phenomena, e t c .  

Among these  processes  we must include changes i n  in t r avascu la r  

Due t o  t h e  l a rge  number of  f a c t o r s  which determine the  form o f  t h e  pulse  
wave and t h e i r  v a r i a b l e  na ture ,  t h e  appearance of  t he  sphygmograms recorded ,237 
from various a r t e r i e s  may d i f f e r  s i g n i f i c a n t l y .  Therefore,  it is  common t o  - 
speak of  t h e  form of t h e  c e n t r a l  pu lse  and the  form of t h e  pulse  i n  t h e  

220 



per iphera l  a r t e r i e s .  
c lavian a r t e r i e s  i s  r e f e r r e d  t o  as the  c e n t r a l  pulse .  

The pulse  i n  t h e  a o r t a l  a r c ,  t h e  ca ro t id  and sub- 

A c h a r a c t e r i s t i c  sphygmogram of  the  c a r o t i d  a r t e r y  (or t he  c a r o t i d  
pulse)  is  shown on Figure 68. This curve, genera l ly ,  shows a small prelim- 
inary  o s c i l l a t i o n  -- t h e  a-b-c wave -- which occurs,  according t o  Frank 
(1899, 1905), i n  connection with isometr ic  cont rac t ion  of  t h e  h e a r t .  This is  
followed by ,a sharp anac ro t i c  e leva t ion  (c-d),  r e l a t e d  t o  the  movement of 
blood i n t o  t h e  aor ta .  The dura t ion  of t he  anacro t ic  r i s e  i n  t h e  ca ro t id  
pulse  under normal condi t ions charac te r izes  the  na tu ra l  frequency of t h e  
a o r t a l  compression chamber1. 
f u r t h e r  behavior of t h e  vascular  w a l l  during the  phase of  expulsion of blood 
from t h e  hea r t .  
t i onsh ip  between t h e  i n f l u x  of blood t o  t h e  ao r t a  and t h e  e f f l u x  from it .  
moment e, t h e  expulsion phase i s  e s s e n t i a l l y  completed (as  wel l  as t h e  
mechanical v e n t r i c u l a r  sys to l e ) .  

The sec to r  of  t h e  curve d-e descr ibes  t h e  

The sphygmogram during t h i s  time depends on t h e  i n t e r r e l a -  
A t  

The e-f-g i n c i s u r e  on t h e  curve of t h e  c e n t r a l  pulse  r e f l e c t s  t he  
mechanical processes  r e l a t e d  t o  the  c losu re  of  t he  semilunar valve of  t h e  
a o r t a :  po in t  f of t he  i n c i s u r e  corresponds t o  the  moment of complete c losure  
of  t h e  valve,  while po in t  e corresponds t o  t h e  beginning of  c losure.  

The l a t e r  d i a s t o l i c  waves a r e  uns tab le  i n  na ture ,  and t h e i r  physio- 
log ica l  genesis  i s  not understood. 

A s  we can see  from Figure 69, t he  form of the  pulse  waves recorded from 
the  a o r t a l  a r c  and subclavian a r t e r i e s  d i f f e r s  s l i g h t l y  from t h e  appearance 
o f  t h e  c a r o t i d  pulse  curve. 

In p r a c t i c e ,  t he  c e n t r a l  pu lse  curve i s  f requent ly  recorded s.imultane- 
This  ously with t h e  electrocardiogram and phonocardiogram (see Figure 68).  

allows ca l cu la t ion  of t h e  durat ion of  t he  p r inc ipa l  phases o f  t h e  v e n t r i c u l a r  
sys to l e .  

The ca ro t id  pulse  curve i t s e l f  allows us t o  determine the  durat ion of  
i so ton ic  cont rac t ion  (period of expulsion of blood, of t he  l e f t  
v e n t r i c l e  (c-e on Figure 68) and t h e  durat ion of  t h e  p r o t o d i a s t o l i c  per iod 
(e-f on Figure 68). 

The dura t ion  of  t h e  per iod of expulsion of  blood from the  v e n t r i c l e s  
ca l cu la t ed  from the  sphygmogram i s  compared with i t s  proper length ca l cu la t ed  
from €ormula (33) ,  and thus  t h e  deviat ion of  t h e  measured quant i ty  from t h e  
normal value i s  determined. 

. . . . . . . . . . . 

The term "ao r t a l  compression ch-amber" represents  an a r b i t r a r y  con- 
cept  -- t h e  windkessel, used i n  t h e  theory of Weber and Frank. 
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The concept of "proper duration" i s  introduced s ince  t h e  t i m e  of 
i s o t o n i c  cont rac t ion  i n  the  v e n t r i c l e s  depends pr imar i ly  on t h e  frequency of 
hear t  cont rac t ions ;  it i s  shor t e r ,  t h e  higher  t h e  pu l se  frequency, and v i c e  
versa .  

/238 
_c 

The dura t ion  of  t h e  p ro tod ia s to l i c  per iod,  determined from t h e  c e n t r a l  
pu lse  curves, f l u c t u a t e s  over very narrow l i m i t s :  0.03-0.04 sec.  

Figure 69. Various Forms o f  Central Pulse 
Curves. A ,  ca ro t id  a r t e r y  sphygmogram; B ,  sub-  
clavian a r t e r y  sphygmogram; C ,  ao r t a l  a r c  sphyg-  
mog ram. 

Certain authors  have attempted t o  use t h e  c e n t r a l  sphygmogram t o  
separa te  t h e  per iod o f  expulsion i n t o  phases of maximum and reduced expul- 
s ion .  This separat ion first began t o  be performed by Wiggers (1921), who 
used curves of  pressure  i n  the  p r inc ipa l  ves se l s .  
observations,  sphygmography i s  unsui tab le  f o r  t hese  purposes. This follows 
from t he  da t a  shown i n  Table 19, from which we see  t h a t  t h e  durat ion o f  t he  
anacro t ic  and c a t a c r o t i c  por t ions  of t he  sphygmic wave recorded a t  t h e  l eve l  
o f  t he  a o r t a l  a r c ,  c a r o t i d  and subclavian a r t e r i e s  d i f f e r s  f o r  one and t h e  
same t e s t  subjec t .  

However, according t o  our 
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T A B L E  19. DURATION OF SECTORS OF CENTRAL SPHYGMOGRAMS 

Duration of  
anacro t ic 

-_. . _ . _  ~ . - . _.. 

Point of p u l s e  recording i 

.. 

Duration o f  
c a t a c r o t i c  

Carotid a r t e r y  
Subclavian a r t e r y  
Aortal ,  a r c  

. ___ - . .  - . '  

! -  .".. - .  ", _I_ ' ... . '.. ...- 
1 Duration o f  i 

expulsion ' i period, s e c  
r 

0.235 
0.236 

.. - 

0.232 
- 1  - .  

However, it is  these  components o f  t he  sphygmic wave which are suggested 
f o r  usage t o  measure t h e  durat ion of phases of  maximum and reduced expulsion. 

4 

The appearance of  t h e  c e n t r a l  pulse  curve changes with c e r t a i n  forms of  
pathology (M. A. Abrikosova, 1964). For example, with a o r t a l  s t enos i s ,  t h e  
anacro t ic  r i s e  i s  slow and wavy (Figure 70) .  With low e l a s t i c  r e s i s t a m e ,  
t h e  anacro t ic  r i s e  of t he  curve is  s teep ,  t he re  i s  a deep inc i su re ,  e t c .  

Figure 70. Change i n  Form o f  Carotid Artery 
Sphygmogram w i t h  Aortal Stenosis 

The reasons f o r  t he  change i n  form of  the  sphygmogram as  the  pulse  wave 
propagates from the  c e n t r a l  ves se l s  i n t o  the  per iphera l  ves se l s  i s  considered 
by Wiggers (1951) t o  be damping phenomena and t h e  addi t ion  of  waves i n  t h e  
a r t e r i a l  system. Due t o  t h e  damping, a l l  high-frequency elements of t h e  
c e n t r a l  pulse  are smoothed, and the  addi t ion  of cen t r i fuga l  and c e n t r i p e t a l  
waves causes secondary waves ( the  d i c r o t i c  wave) t o  be formed. Tfiese 
problems have been s tudied  r ecen t ly  by Remmington and Wood (1956). 

The appearance of  t h e  curve of t he  per iphera l  sphygmogram is comparatively 
simple (Figure 71). The anacro t ic  por t ion  of t he  curve i s  smoothly replaced 

apparent ly  a r e s u l t  of  r e f l e c t i o n  of t he  s tanding pressure wave i n  t h e  a o r t a  
on the  sphygmogram. 

. by  the  c a t a c r o t i c  por t ion .  Further ,  a d i c r o t i c  wave i s  always observed, /240 
k 
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The form of t h e  per iphera l  sphygmogram depends on the  po in t  where it i s  
recorded. One p a r t i c u l a r  case i s  the  femoral a r t e r y  sphygmogram 
(Figure 71, B) which is  probably explained by t h e  anatomic proximity of t h i s  
a r t e r y  t o  the  a o r t a l  compression chamber. 

I 

i 
I 
I 
I 

1 

i 
.. .i. 

B 

Figure 71. Forms o f  Peripheral  P u l s e .  
ch ia l  a r t e r y  sphygmogram; B ,  femoral a r t e r y  

pr incipal  o s c i l l a t i o n  i n  sphygmogram; 

a r t e r i a l  pulse ( a f t e r  Wezler and Boger). 
Tfem 9 

The femoral a r t e r y  pulse  curve f requent ly  sh0ws.a low-amplitude d i c r o t i c  
wave o r  no d i c r o t i c  wave a t  a l l .  
performed a t  the  same time as t h e  recording of  t h e  ca ro t id  pulse  curve f o r  
ca l cu la t ion  of t h e  r a t e  of propagation of t he  pulse  wave i n  t h e  ao r t a .  

Recording of t h i s  curve is  most f requent ly  

To record t h e  pulse  i n  the  ex t remi t ies ,  it is most convenient , to  use 
volumetric sphygmography. Usually, t he  following fou r  l e v e l s  a r e  se l ec t ed  
f o r  t h e  recording of  pulse  curves: 
of  t h e  t i b i a ,  t he  lower t h i r d  of t he  t i b i a ,  t h e  f o o t ;  on the  arms -- the  
shoulder,  t he  upper t h i r d  of  t he  antebrachium, t h e  lower t h i r d  of the  
antebrachium, the  hand. 

on the  legs  - -  t he  femur, t h e  upper t h i r d  

/241 
cc 

z As we can see  from Figure 72,  t h e  pulse  curves recorded a t  various 
l e v e l s  of t h e  lower ex t remi t ies  d i f f e r  i n  the  height  of t h e  anacrote,  t h e  
pulse  amplitude i n  the  upper t h i r d  of t he  t i b i a  under normal conditions 
always being g r e a t e r  than t h e  pulse  amplitude a t  t h e  femur. In  cases  of 
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vascular disease in the extremities (for example endarteritis), this 
relationship is disrupted (M. A. Abrikosova, 1960; L.  A. Lakshina and 
I. S. Klemashev, 1964; etc.). 

\ Norm 

Figure 72. Volumetric Sphygmograms Recorded at 
Various Levels on the Lower Extremity. Arrows 
indicate points of recording of sphygmograms. 
Gain o f  amp1ifie.r identical fo r  all recordings. 

M. A. Abrikosova and V. L. Karpman (1959) suggested that quantitative 
analysis of volumetric sphygmograms of the extremities be performed using the 
pulse amplitude gradient. The amplitude gradient (Figure 73) is a curve 

extremities. 
amplitude of the anacrote of the pulse of the femur o r  shoulder taken as 
100%. 

/242 describing the change in amplitude of the pulse at various levels of the - 
Calculation of the amplitude is performed in percent of the 

Investigation of the form of the peripheral pulse may be of important 
aid in the diagnosis of certain diseases. For example, in patients with open 
Botallo's duct o r  aortal valve deficiency, a high-frequency oscillation 
appears in the anacrote of the femoral artery pulse (Figure 74), the ampli- 
tude of which may be relatively high. Simi,lar changes in the curve of the 
femoral pulse are observed in healthy persons when, under the influence of 
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various f a c t o r s ,  t h e  blood volume per  minute increases  sharp ly  (see 
Figure 74). A s  t h e  card iac  output normalizes i n  t h e  t e s t  sub jec t s ,  t h e  
high-frequency o s c i l l a t i o n  decreases,  then disappears  completely. 
M. A. Abrikosova (1962) e s t ab l i shed  t h a t  t h i s  change i n  t h e  form o f  the  pulse  

sharp drop i n  t h e  e l a s t i c i t y  o f  t h e  ves se l s  which i s  wave r e s u l t s  from a 
compensatory, i n  r e  ponse t o  an inc rease  i n  card iac  output .  

"" Lurl .. 

- 1  ' 1  

i 
I 
I 

Figure 73 .  Pulse Amplitude Gradient. Explanation i n  t e x t .  

Under normal condi t ions,  t h e  amplitude .of a volumetric sphygmogram 
recorded on the  femur i s  approximately 1-1 /2  t imes h igher  than the  amplitude 
recorded a t  t he  shoulder.  

In c e r t a i n  pathological  s t a t e s ,  f o r  example cons t r i c t ion  of t h e  a o r t i c  
isthmus, t h i s . r e l a t i o n s h i p  i s  sharply d is rupted  and, as a' r u l e ,  becomes t h e  
reverse ,  i . e .  the  amplitude of  t h e  pulse  recorded a t  t he  shoulder i s  higher  
than the  amplitude a t  t h e  femur. 

In recent  t imes,  t h e  recording of  t he  v e l o c i t y  o r  d i f f e r e n t i a l  sphygmo- 
grams has become widespread. 
change i n  the  pulse  wave. 'The second de r iva t ive  of t he  pulse  wave (acceler-  
a t ion  curve) can a l s o  be recorded. , In  order  t o  record v e l o c i t y  o r  accel-  
e r a t i o n  sphygmogram, simple analog machines a r e  used (Ye. B. Babskiy, 
V. L. Karpman e t  a l . ,  1959). D. Dimov and P.  Rashkov (1964) developed a 
spec ia l  device f o r  t h i s  purpose, allowing synchronous ' recording o f  t he  pulse  
curve, i t s  f irst  and second de r iva t ives  (Figure 75). The promise of t h i s  new 
t r end  i n  sphygmography i s  beyond doubt. 

Curves of  t h i s  type cha rac t e r i ze  t h e  r a t e  of /243 

Some problems concerning the  ana lys i s  of t he  form o f  the  c e n t r a l  and 
per iphera l  pulse  which we have not  touched upon here  a r e  discussed i n  d e t a i l  
i n  t h e  reviews of Meiners and Blumberger (1955), V. L. Karpman (1963), t he  /244 
monographs o f  N .  N .  Savi t sk iy  (1963), Gadermann and Jungmann (1964). 
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Figure 74. Change i n  Appearance of Femoral Artery 
Sphygmogram i n  Case of Aortal Valve Deficiency ( A )  
and During Sharp, Temporary Increase i n  Cardiac 

O u t p u t  During Alcohol-Antabuse Reaction ( B ) .  

Rate of propagation of p u l s e  wave. The p o s s i b i l i t y  of inves t iga t ing  t h e  
r a t e  of propagation o f  t h e  pulse  wave through the  ves se l s  o f  both e l a s t i c  and 
muscular type i s  an important advantage of the  method of sphygmography. 
determination o f  t h e  r a t e  of propagation of t he  pulse  wave is  methodologic- 
a l l y  q u i t e  simple and easy f o r  t h e  t e s t  subjec t .  The value of t h i s  i nves t -  
i ga t ion  i n  physiology and c l i n i c a l  p r a c t i c e  i s  determined by the  f a c t  t h a t  
t h e  r a t e  of propagation of t h e  pulse  wave i s  an ind ica to r  of the  e l a s t i c  
condi t ion of t h e  a r t e r i e s .  

The 

A t  t he  present  t ime, . there  a r e  two methods f o r  ca l cu la t ing  t h e  r a t e  of  
propagation of a pulse  wave i n  e l a s t i c  type vesse l s ,  more p rec i se ly  i n  t h e  
a o r t a .  The c l a s s i c a l  method, based on t h e  Weber p r inc ip l e  (Weber, 1850) 
cons i s t s  i n  t h e  following: two pulse  r ece ive r s  are fas tened  onto t h e  s e c t o r s  
of  t h e  c a r o t i d  and femoral a r t e r i e s  c loses t  t o  t h e  sur face ,  a f t e r  which 
simultaneous recording o f  t h e  two pulse  curves i s  performed on a s i n g l e  s t r i p  
o f  photographic paper (Figure 76). 
be no l e s s  than 50 mm/sec. 

The movement r a t e  i n  t h i s  process should - /245 
Calculat ion of t h e  v e l o c i t y  (Va) i s  performed 
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using the equation: 

where La is the length of the vessel, At is  the time of propagation of the 
pulse wave through it. 

Figure 75. Curve of Central Pulse and Its Derivatives 
(After Dimov and Rashkov, 1964). Top to bottom: electro- 
cardiogram, carotid artery sphygmogram, curve of. rate of 

change o f  the sphygmogram and acceleration curve. 

1n.order to calculate the length of the vessel La (Figure 77), we must 
determine-the distance from the point of placement of the receiver on the 
carotid artery to the fossa of the manubrium ( 2  ),  then from the latter point 1 
to the branch (Z,) and from the branch to the point of installation of the 
receiver on the femoral artery (1 ).  

r, can be found using the following formula: 
If we know these distances, the value 3 
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Figure 7 6 .  
T i m e  of P u  
( t l  + t 2 ) .  

i 

Determ 
se Wave 

T o p  t o  

" I 

I _- 

I 

I ' I  I 

The value of A t  i s  
determined from t h e  time 
i n t e r v a l  between the  
beginning of  t h e  
anacrote  of t h e  pulse  
curve of  t he  c a r o t i d  and 
femoral a r t e r i e s  ( t l  on 

Figure 76). Other, more 
complex methods of 
ca l cu la t ing  t l  have been 

descr ibed,  which appar- /246 
en t ly  have no b e t t e r  
accuracy. This problem 
is  p a r t i c u l a r l y  d i s -  
cussed by Meiners 
(1954). 

- 

In  s p i t e  of i t s  
general  recogni t ion,  
t h i s  method of measuring - 

nation of Propagation the  cen t r a l  r a t e  of 
Throu.gh E n t i  r e  Aorta propagation of  t he  pulse  
bot tom: e 1 e c t  roca rd io- wave has one outs tanding - 

gram, ca ro t id  a r t e r y  sphygmogram, femoral de fec t ,  i n  t h a t ,  essen- 
a r t e r y  sphygmog ram and phonocard i og ram. t i a l l y  speaking, Va is  

determined only f o r  t he  Explanation i n  t ex t .  
descending a o r t a  (see 
equation (43)) .  This 

defec t  i s  el iminated i f  the  d e f i n i t i o n  of Va i s  performed using a method 

which cons i s t s  i n  synchronous recording o f  a phonocardiogram and sphygmograms 
of  t h e  ca ro t id  and femoral a r t e r i e s  (V. L. Karpman, M. A.  Abrikosova, 1962). 
These da ta  a r e  necessary t o  c a l c u l a t e  t he  value of  A t .  

Us ing ' the  curves shown on Figure 76, we determine the ,du ra t ion  of t he  
i n t e r v a l s  t and t The f i rs t  of these  charac te r izes  the  delay of t h e  pulse  
i n  t h e  femoral a r t e r y  i n  r e l a t ionsh ip  t o  t h e  pulse  of  t h e  c a r o t i d  a r t e r y .  

1 2 '  

I n t e rva l  t2 cha rac t e r i zes  ( a f t e r  Maass, 1949) t h e  delay i n  t h e  pulse  of  

t h e  ca ro t id  a r t e r y  r e l a t i o n s h i p  t o  t h e  beginning of expulsion of  blood from 
t h e  h e a r t  i n t o  t h e  ao r t a .  
sponds t o  the  time of propagation of  t he  pulse  wave from t h e  hea r t  t o  t he  
femoral a r t e r y  . Then : 

Consequently, t he  sum of  these  i n t e r v a l s  cor re-  

A t  : .. (44) 
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The value of La required f o r  ca lcu la t ion  of  V 

(Figure 77) : 

i s  ca lcu la ted  as follows a 

where Z 2 ,  Z3 are the  same as i n  equation (43), Zo i s  the  d is tance  from t h e  

point  of  pro jec t ion  of t h e  semilunar valves on t h e  thorax (point of a t tach-  
ment o f  r i b  I11 t o  t h e  sternum) t o  t h e  fossa  on the  manubrium. 

Thus, t h i s  method allows us t o  estimate the  ra te  of  propagation of t h e  
pulse  wave through t h e  e n t i r e  aor ta .  

With a synchronously recorded electrocardio-  
gram, phonocardiogram and pulse  curves of ca ro t id  
and femoral ar ter ies ,  w e  can ca l cu la t e  not only 
t h e  rate of  propagation o f  t h e  pulse  wave through 
t h e  e n t i r e  a o r t a ,  bu t  i n  i t s  ascending and 
descending por t ions .  
inves t iga t ion  i s  i l l u s t r a t e d  by Figure 76. Here 
t h e  time o f  propagation of t he  pulse  wave from 
the  hea r t  t o  t he  femoral artery can be found from 
the  sum of t l  + t2. 

q.; p 
f 1.': .J 

(- :q ~ :i\. *..xi 8 

! 

j :  
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<<S 
The course o f  t h i s  

& !, ; 
1 ,  
I 

On t h e  bas i s  of t h i s  E 2  
I '  

1 ;  I ,  

i !, 
qudnti ty ,  we can c a l c u l a t e  t he  rate of propaga- 
t i o n  of t he  pulse  wave through t h e  e n t i r e  
aor ta .  
i n  t he  ascending a o r t a  is 'determined from the  
formula of V. L .  Karpman and M. A. Abrikosova 
(1962) from t h e  following re la t ionship :  

The ra te  of  propagation of t h e  pulse  wave 

I ,  - ! - I ,  - . 
. 5  

I i? 

Figure 77. Schem- 
a t i c  Drawing of 

(46) 

where t2 i s  the  t i m e  of propagation of t he  pulse  Aorta and Large 
Ar te r ies  Branch ina - 
from I t .  Explana- wave from the  hea r t  t o  t he  caro t id  a r t e ry .  The 
t ion i n  text:. ra te  of propagation of  the  pulse  wave i n  the  

descending por t ion  i s  ca lcu la ted  by the  c l a s s i c a l  
method, 

I t  i s  most convenient t o  determine t h e  ra te  of propagation of  the  pulse  
.wave i n  muscular type vesse ls  by recording two volumetric sphygmograms, f o r  
which c o l l a r s  on t h e  arms are placed a t  the  shoulder and t h e  lower t h i r d  of  
antebrachium, and on t h e  legs  -- a t  the  femur and t h e  lower t h i r d  of t h e  
t i b i a .  
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When t h e  p e l o t  o r  o the r  d i r e c t  sphygmograph i s  used, t h e  rate o f  
propagation o f  t h e  pulse  wave is  usual ly  recorded on t h e  s e c t o r  between t h e  
c a r o t i d  a r t e r y  and the  r a d i a l  a r t e r y .  

The propagation v e l o c i t i e s  o f  t h e  pu l se  wave i n  t h e  a o r t a  calculated by 
t h e  c l a s s i c a l  method were s tud ied  most ob jec t ive ly  by Hallock (1934), then by 
Ludwig (1936), Wezler and Boger (1939), N. N. Savi tskiy (1963), e tc .  The 
juven i l e  and adolescent contingent was s p e c i a l l y  invest igated by 
0. Ye. Tsukershteyn (1957) and M. K.  Askolkova (1961). 

Under physiological conditions,  t h e  r a t e  o f  propagation o.f t he  pu l se  
wave i n  t h e  a o r t a  depends e s s e n t i a l l y  on age: i t  i s  higher,  t h e  o l d e r  t h e  
t e s t  subjec t .  
e las t ic  p rope r t i e s  of t h e  a o r t a  which occur with age. M. A. Abrikosova and 
V. L .  Karpman (1962) suggested a formula allowing u s  t o  e s t a b l i s h  t h e  proper 
ra te  o f  propagation o f  t h e  pulse  wave i n  t h e  a o r t a  f o r  a given age: 

This dependence is apparently r e l a t e d  t o  t h e  changes i n  

where V 
cm/sec), B i s  the  age ( i n  yea r s ) .  

i s  t h e  proper r a t e  o f  propagation o f  t h e  pulse  wave i n  the  a o r t a  ( i n  a 

Deflections of not  over +75 cm/sec from t h e  calculated value should be 
considered normal. 

In  most heal thy persons, t h e  r a t e  of propagation o f  t he  pulse  wave, 
determined f o r  t h e  e n t i r e  a o r t a  using t h e  method which w e  have suggested, a r e  
e i t h e r  lower than t h e  v e l o c i t y  determined by t h e  Weber p r i n c i p l e ,  o r  
t h e  values of pulse  wave propagation ra te  a r e  p r a c t i c a l l y  i d e n t i c a l .  
spec ia l  i nves t iga t ion  which w e  performed, i t  was e s t a b l i s h e d . t h a t  t h e  r a t e  o f  /248 
of propagation of  t h e  pulse  wave throughout t h e  e n t i r e  a o r t a  was 5 .41  m/sec, 
i n  t h e  descending a o r t a  - -  5.79 m/sec. 

In a 

Under pathological  conditions,  w e  f requent ly  note  changes i n  t h e  pulse  
wave propagation ra te  i n  t h e  ao r t a .  An increase i n  V ( t o  25 m/sec) i s  noted 

with hypertension, symptomatic hypertension o r  a o r t a l  a the rosc l e ros i s  
(V. P. N ik i t i n ,  1950, 1959; Y e .  A .  Morozov, 1953; Y e .  A .  Moshkin, 1955; 
L.  K .  Lakshina, 1957; e t c . ) .  A decrease i n  t h e  propagation v e l o c i t y  of t h e  
pulse  wave o f  t he  a o r t a  can be observed i n  case of an a o r t a l  deficiency, open 
a r te r iq l  duct o r  c e r t a i n  o t h e r  h e a r t  de fec t s  (M. A. Abrikosova, 1964). Under 
pathological  conditions,  t h e  ra te  of propagation o f  t h e  pulse  wave through 
t h e  e n t i r e  a o r t a  is  fxequently higher than i t s  ra te  i n  the  descending 
port ion.  
manifest a t h e r o s c l e r o t i c  changes i n  the  ao r t a .  

a 

This . r e l a t i o n s h i p  of v e l o c i t i e s  i s  encountered more frequent ly  with 

The f a c t  o f  d i s t i n c t i o n  i n  t h e  values o f  pulse  wave propagation ve loc i ty  
throughout t h e  e n t i r e  a o r t a  and i n  a port ion of t h e  a o r t a  ( the  descending 
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port ion)  can be explained from t h e  physical  po in t  of view by t h e  fact t h a t  
t h e  pulse  wave propagates through t h e  a o r t a  with va r i ab le  speed, as was shown 
by Gauer (1936). 

In  muscular type vesse l s ,  t he  pulse  wave always propagates more r ap id ly  
than i n  t h e  ao r t a .  
Horeman (1958), t h i s  can be explained by the  smal le r  intern 'a l  rad ius  o f  these  
ves se l s  and the  r e l a t i v e l y  th i cke r  vascular  wall. 

On t h e  b a s i s  of  t h e  l a t e s t  works by Noordergraaf and 

The individual  s p e c i f i c s  of  t h e  propagation v e l o c i t y  of t he  pulse  wave 
i n  ves se l s  i n  the 'arms and l e g s  under normal condi t ions depend pr imar i ly  on 
t h e  age of t h e  t e s t  sub jec t .  This dependence, on t h e  b a s i s  of da t a  o f  d a t a  
o f  Hallock (1934) concerning t h e  pulse  wave propagation v e l o c i t y  i n  ves se l s  
of  t h e  upper ex t remi t ies  (553 observations) we have described by the  
following simple equation: 

where V 

arms ( i n  .cm/sec), B i s  the  age of t h e  t e s t  subjec t  ( i n  yea r s ) .  J u s t  as i n  
equation (47), equation (48) can be used t o  determine the  proper propagation 
ve loc i ty  of the  pulse  wave i n  t e s t  subjec ts  between 5 and 50 years  of  age. 

i s  t h e  proper pulse  wave propagation ve loc i ty  i n  the  a r t e r i e s  o f  t he  
P 

Deflect ions from t h e  expected value not exceeding +lo0 cm/sec a r e  
considered normal v a r i a t i o n s  of t h e  propagation ve loc i ty  of the  pulse  wave i n  
t h e  vesse ls  o f  t he  upper ex t remi t ies .  

/249 The r a t e  of  propagation of  t he  pulse  wave through the  vesse ls  of  t he  - 
lower ex t remi t ies  i s  always higher  than i n  the  upper ex t remi t ies .  The normal 
r a t i o  : 

pulse  wave propagation ve loc i ty  i n  ves se l s  of  leg  VH 

pulse  wave p ropaga t io7ve loc i ty  -in v6sse l s  of-  arm- V- 
P 

i n  heal thy,  untrained persons averages 1.3. This f a c t o r  may change essen- 
t i a l l y  both under c e r t a i n  physiological  and under pathological  condi t ions,  
charac te r iz ing  thereby t h e  s p e c i f i c s  of  regional  blood c i r cu la t ion .  

V. P.  Niki.tin (1950) a t tached  g rea t  s ign i f i cance  t o  the  r a t i o  of t he  
propagation v e l o c i t i e s  of t h e  pulse  waves i n  the  ves se l s  of t he  upper extrem- 
i t i e s  and the  a o r t a  (V / V  ) which under normal condi t ions i s  1.1-1.3. This 

r e l a t ionsh ip  changes during hypertension and c e r t a i n  o the r  types of path- 
P a  

ology. 
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E l a s t i c  propert ies  of t h e  a r t e r i e s .  We know t h a t  i n  an e las t ic  body, an 
impulse propagates with a f i n i t e  ve loc i ty  ( C ) ,  which is a function of t h e  
e l a s t i c i t y  modulus of  t h e  body (E) and i t s  dens i ty  (p):  

/ 1: c :  ' ,  . . 

i (491 

On t h i s  b a s i s ,  Frank (1920) introduced t h e  concept of  t h e  modulus o f  
volumetric e l a s t i c i t y  ( K ) ,  using which w e  can study the  e l a s t i c  p rope r t i e s  of 
t h e  a o r t a l  compression chamber: 

where Va i s  t h e  r a t e  of  propagation of t h e  pulse  wave i n  the  ao r t a ,  P i s  t h e  

densi ty  o f  t h e  blood. 

According t o  t h e  da t a  o f  Wezler and Boger (1939), t h e  normal values of 
volumetric e l a s t i c i t y  modulus f l u c t u a t e  from 150*103 t o  1200-103 dyne/cm2. 

The value of K changes with age, which must be taken i n t o  consideration 
i n  comparing values determined with the  normal values ( see  Table 20). I t  
increases  i n  case of  a o r t a l  a the rosc l e ros i s ,  hypertension (Steinmann, 1942; 
e t c . )  and decreases with open a r te r ia l  duct and c e r t a i n  o the r  hea r t  de fec t s .  

A q u a n t i t a t i v e  ana lys i s  of e l a s t i c i t y  of a .vesse1 taken individual ly  can 
be performed using t h e  following two equations, suggested by N .  N.  Savi tskiy 
(1963) : 

where E 

vesse l s  respect ively.  

and Em a r e  t h e  modulus o f  e l a s t i c i t y  f o r  e l a s t i c  and muscular type /250 - e 

The most important information concerning t h e  e l a s t i c  p rope r t i e s  o f  
arteries can be produced by ca l cu la t ing  t h e  coe f f i c i en t  o f  e l a s t i c i t y  o f  t h e  
a r te r ia l  system (E ) according t o  Frank (1920), which i s  a l s o  known as t h e  0 
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elast ic  res i s tance :  

3 ' 2' A g e ,  years K. 10 , dyne/cm 

This coe f f i c i en t  charac te r izes  t h e  pressure  necessary t o  expand t h e  
d i a s t o l i c  volume of t h e  ar ter ia l  system by 1 cm3.  
increase i n  ar ter ia l  pressure  i n  the  sys to l e  (AP,  pulse  pressure)  i s  
50 mm Hg, and a t  t h e  same time t h e  volume of  t h e  arterial  system AV increases  
by 50 cm3, Eo = 1 mm Hg/cm3, o r  1333 dyne/cm5. 
produced l i e s  within t h e  range of normal values  of  Eo, which vary from 

1000 t o  3000 dyne/m5. 

For example, i f  an 

The value which we have thus  

E o ,  dyne/cm 5 

According t o  Wezler and Boger (1939), t h e  highest  values  of e l a s t i c i t y  
coe f f i c i en t  (Table 20) are noted i n  chi ldren,  t he  lowest -- i n  persons 
20-30 years of  age. 

T A B L E  20. MEAN VALUES OF MODULUS OF VOLUMETRIC E L A S T I C I T Y  (K) 

WEZLER AND BOGER (1939) 
AND C O E F F I C I E N T  OF E L A S T I C I T Y  ( E o )  ACCORDING TO 

5 
10-1 1 
16-25 
26-30 
31 -38 
46-48 
64-67 

168 
176- 
272 
302 
620 
840 

1185 

4280 
2890 
1540 
1390 
2370 
2440 
2500 

The determination of  Eo i n  man i s  performed using a spec ia l  set  of 

formulas concluded by Broemser and Ranke (1933), then l a t e r  by Welzer and 
Boger (1939). 

According t o  Broemser and Ranke (1933), t h e  coef f ic ien t  of e l a s t i c i t y  
i s  determined from t h e  following formula: 
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where Va i s  t h e  rate o f  propagation o f  t h e  pulse  wave i n  t h e  a o r t a  ( i n  

cm/sec), p i s  t h e  dens i ty  of t h e  blood (= 1.06), Q i s  t h e  c ross  sec t ion  
of t h e  a o r t a  [found from t h e  t a b l e s  of Su te r  (1897), Thoma (1900) o r  Frucht 
(1953)], S i s  t h e  durat ion o f  t h e  expulsion per iod from t h e  ca ro t id  pulse  
curve. 

According t o  Wezler and Boger (1939), t h e  e l a s t i c  r e s i s t ance  is  equal 
to : 

where Tfem i s  t h e  durat ion of t h e  p r i n c i p a l  o s c i l l a t i o n  of t h e  a r t e r i a l  pulse  

i n  sec (see Figure 71, B)  . 
The e l a s t i c  r e s i s t a n c e  of t h e  a r t e r i a l  system i s  frequent ly  s tudied i n  

r e l a t i o n  t o  t h e  pe r iphe ra l  r e s i s t a n c e .  The r a t i o :  

e l a s t i c  r e s i s t a n c e  = Eo 
- 

per iphera l -  r e s i s t a n c e  W 
(56) 

i s  c a l l e d  t h e  damping f a c t o r  o f  t h e  a r t e r i a l  system. Normal values of E /W 

vary between 0.7 and 1 .3 .  

N .  N. Savi tskiy (1963), i n d i c a t e s  uneconomical work o f  t he  c i r cu la to ry  
apparatus. 

0 
An increase i n  E / W ,  i n  t h e  opinion o f  0 

Sphygmography i n  s p o r t s  m e d i c i n e .  In s p i t e  of t h e  l a rge  volume of 
u se fu l  information concerning t h e  funct ional  s ta te  of t h e  a r t e r i a l  system 
which can be produced by sphygmography, t h i s  method has not ye t  been broadly 
used i n  spo r t s  medical p r a c t i c e .  
small number of s p e c i a l  i nves t iga t ions  performed using t h i s  method. 

This i s  indicated by t h e  comparatively 

The form of  t h e  c e n t r a l  and pe r iphe ra l  pu l se  i n  a t h l e t e s  determined at  
rest usua l ly  has no s p e c i f i c  f e a t u r e s  d i f f e r e n t i a t i n g  it from t h e  pulse  
curves recorded i n  hea l thy  nonathletes .  

Under’ t h e  inf luence of muscular work, c e r t a i n  changes a r i s e  i n  t h e  
curves f o r  a t h l e t e s ,  p r imar i ly  r e s u l t i n g  from t h e  inc rease  i n  the  pu l se  
frequency, Yu. I .  Kuznetsov (1958) turned h i s  a t t e n t i o n  t o  t h e  high pre-  
o s c i l l a t i o n  wave on t h e  c e n t r a l  sphygmogram (we recal l  t h a t  t h i s  wave is  
observed a t  r e s t  i n  high-qual i ty  recordings of t h e  c e n t r a l  pu l se ) .  
change i n  t h e  sphygmic po r t ion  o f  t h e  c a r o t i d  a r t e r y  pu l se  during muscular 
work c o n s i s t s  i n  t h e  fact t h a t  i t  takes  on a t r i a n g u l a r ,  o r  l e s s  f requent ly  

The 
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bell-shaped form (see Figure 13, b ) .  
r e l a t e d  both t o  shortening of  t h e  expulsion per iod,  and t o  the  rap id  t r a n s i -  
t i o n  of  t h e  c a t a c r o t i c  descent t o  an inc isure .  

These changes i n  t h e  appearance are 

The ra te  of propagation of  t he  pulse  wave i n  a t h l e t e s  began t o  be 
s tudied by Reindell  (1949), Yu. I .  Kuznetsov (1958), Mellerowicz (1956), and /252 
then o the r  authors.  
inf luence of systematic physical  exercise  on t h e  e las t ic  proper t ies  of  t h e  
vessels. 

However, t he re  i s  s t i l l  no s i n g l e  opinion concerning t h e  

According t o  t h e  inves t iga t ions  of Yu. I .  Kuznetsov (1963), i n  well 

Similar  
t r a ined  a t h l e t e s  at res t ,  t h e  .rate of propagation of t h e  pulse  wave is  
s l i g h t l y  decreased i n  comparison with t h e  normal age standards.  
decreases i n  t h e  ra te  of  propagation of t h e  pulse  wave i n  a t h l e t e s  a t  rest  
were detected by Ye. F. Likhachevskaya (1959), Ye. A. Poruchikov (1963) and 
o thers .  

Mellerowicz (1960) discovered t h a t  t h i s  decrease occurs i n  a t h l e t e s  
o lder  than 30 years of  age. 
propagation of t h e  pulse  wave i s  s l i g h t l y  increased i n  comparison with i t s  
normal values ,  recorded f o r  heal thy nonathletes  of t h e  same age. 

In  a t h l e t e s  between 20 and 30 years ,  t h e  rate of 

A r e l a t i v e  increase  i n  pulse  wave propagation ve loc i ty  through e l a s t i c  
and muscular type vessels was found by V. V. Vasi l 'yeva (1965) i n  an examin- 
a t ion  of highly t r a ined  runners spec ia l iz ing  i n  var ious d is tances .  

The degree of t r a i n i n g  a l so  has an inf luence on t h e  funct ional  s ta te  of 
Thus, i n  an inves t iga t ion  of one group of  a t h l e t e s  during t h e  t h e  arteries. 

process of t r a i n i n g ,  Yu. I .  Kuznetsov (1956), V. V. Vasil 'yeva (1957), 
Ye. F. Likhachevskaya (1958), M. Ya. Levin (1965) and o thers  discovered a 
gradual increase i n  the  ra te  of propagation of t h e  pulse  wave with increasing 
s ta te  of t r a in ing .  However, R. S. Khachaturov (1965) found a r e l a t i v e  
decrease i n  t h e  r a t e  of propagation o f  t h e  pulse  wave through e l a s t i c  and 
muscular vessels with increasing spor t s  mastery i n  gymnasts. 

V. N. Artamonov (1966) , performing inves t iga t ions  on middle-aged and 
o lder  persons suf fer ing  from cardiovascular d i seases ,  who had not been 
previously occupied with spor t s ,  determined a decrease i n  t h e  ind ica tors  of 
t h e  e las t ic -v iscous  state of  the  e l a s t i c  type a r t e r i e s  a f te r  two years of 
systematic physical  exerc ise .  

The d i r e c t  inf luence of  muscular work on t h e  s t a t e  of vascular  tonus has 
almost not  been s tudied a t  a l l .  Most authors judge these  changes from da ta  
produced over var ious per iods of time a f t e r  work performed, i . e .  i n  t h e  
recovery period. Yu. I .  Kuznetsov (1963), found an increase i n  the  propaga- 
t i o n  ve loc i ty  of the  pulse  wave through e l a s t i c  and muscular type vesse ls  
a f te r  t h e  completion of in tens ive  work (high-speed run) and a moderate 
decrease i n  the  propagation ra te  of t h e  pulse  wave through the  same vesse l s  
after longer,  but less in tens ive  work (20-km run) .  
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A sharp increase i n  t h e  r a t e  of  propagation of  the  pulse  wave through 
e l a s t i c  and muscular type vessels i n  connection with work was shown by 
Y e .  F. Likhachevskaya (1958), Ye. A. Poruchikov (1963), V. V. Vasil 'yeva 
(1964, 1965), R. S. Khachaturov (1965), V. N .  Artamonov (1966), V. Y e .  Vasi- 
l 'yeva and T. D. ,Vasi l 'yeva (1967), Gobbato, Turchetto e t  a l .  (1964), e tc .  

/253 - 

Quite recent ly ,  a s e r i e s  of  r epor t s  have appeared i n  t h e  l i t e r a t u r e  
dedicated t o  inves t iga t ions  of  t he  regional vascular  tonus ( in  the  arms and 
legs)  of a t h l e t e s  a t  rest and i ts  changes during t h e  performance o f  var ious 
types o f  work. 

N. A. Stepochkina (1965), i n  an inves t iga t ion  o f  marathon runners under 
conditions of basa l  metabolism, discovered a r e l a t ive  increase i n  the  pulse  
wave propagation ra te  through t h e  vesse ls  of t h e  upper extremit ies  i n  
comparison with t h e  ton ic  stress of  t he  vesse ls  o f  the  lower extremit ies .  A s  
a r e s u l t  of t h i s ,  t he  r a t i o  C /C (which i s  normally about 1.3 f o r  nonath- 

l e t e s )  became less than 1.0. In  the  opinion o f  t he  author,  a decrease i n  the  
e las t ic  r e s i s t ance  of t h e  vascular  wall f ac i l i t a t e s  an increase i n  the  flow 
of  blood through t h e  vesse ls  i n  the  lower extremities,  which i s  explained by 
the  spec i f i c s  of t h e  spo r t s  loading of  marathon runners. 

H P  

The c l e a r e s t  changes i n  regional vascular  tonus were discovered i n  
connection with the  work of var ious muscular groups. 
a t ions  of  t he  r a t e  of  propagation of the  pulse  wave through the  muscular 
vesse ls  of t he  upper and lower extremities,  V. V. Vasil 'yeva and colleagues 
(1965, 1966) determined the.following important f a c t :  t he  r i g i d i t y  of  t h e  
arteries i n  a nonworking extremity i s  higher  than t h e  r i g i d i t y  of  the  
ar ter ies  i n  ex t remi t ies  performing work. For example, a f t e r  a long run, the  
propagation r a t e  of  t h e  pulse  wave through the  vessels of t h e  arms i s  
r e l a t i v e l y  more highly increased than t h e  r a t e  of t h e  pulse  wave i n  the  
vesse ls  of t h e  legs .  These regional  changes i n  vascular  tonus a re  observed 
p a r t i c u l a r l y  c l e a r l y  i n  s w i m m e r s  working e i t h e r  with arms alone or with legs  
alone. 

In  individual  determin- 

The regional  changes i n  vascular  tonus r e l a t e d  t o  muscular work f a c i l -  
i t a t e  useful  r e d i s t r i b u t i o n  of  blood, providing reinforced blood c i r cu la t ion  
t o  the  working extremit ies .  I t  should be noted t h a t  t h e  adequacy of regional  
changes i n  e l a s t i c i t y  o f . v e s s e l s  during muscular work, i n  t h e  opinion of 
V. V. Vasil 'yeva (1965) and R. S .  Khachaturov (1966), depends on t h e  
degree of adaptation of  t he  a t h l e t e  t o  t h e  work which he performs and may be 
used as an ind ica to r  of spec ia l  t r a in ing .  

The e l a s t i c  r e s i s t ance  of t he  ar ter ia l  system of  a t h l e t e s  d i f f e r s  l i t t l e  
from t h e  normal values  (Reindell ,  1949; Mellerowicz, 1956). In  addi t ion t o  
t h i s ,  i n  an inves t iga t ion  of  well t ra ined  a th l e t e s ,  Mellerowicz (1956) 
es tab l i shed  a predominance of  decreasing values of  t h e  damping f a c t o r  E / W .  

According t o  h i s  da ta ,  t he  value of  t h i s  f a c t o r  v a r i e s  from 0.4 t o  0.6. 
author turned h i s  a t t en t ion  t o  t h e  r e l a t ionsh ip  of t h e  s t a t e  of t r a in ing  t o  

0 
The /254 
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t h e  degree of decrease i n  t h e  value o f  the  damping f a c t o r .  
conclusion was reached by N. A. Stepochkina (1965), who found a damping 
f a c t o r  of 0.44 i n  marathon runners a t  rest .  

A similar 

In recent  times, B. M. Stovbun and V. M. Forshtadt (1963) developed a 
radiotelemetr ic  method f o r  determining t h e  propagation time o f  t h e  pulse  wave 
i n  a t h l e t e s  d i r e c t l y  during muscular work. 
s is ts  i n  measurement of t h e  d i s t ance  from t h e  beginning o f  t h e  QRS complex of 
t h e  electrocardiogram t o  t h e  appearance of t h e  pu l se  curve a t  t h e  terminal 
phalange of t h e  f inger .  These authors es tabl ished t h a t  t h e  propagation time 
of t h e  pulse  wave over t h e  s e c t o r  which they s tudied during muscular work i s  
decreased by an average o f  0.05 sec .  Since t h e  propagation time of t h e  pu l se  
wave was s tudied using t h e  same s e c t o r  of t h e  vascular  system, i n  t h e  opinion 
of t he  authors,  it can be concluded t h a t  t he  ra te  of propagation of t h e  
pulse  wave increases  during physical  work. 

This type of i nves t iga t ion  con- 

Radiotelemetric i nves t iga t ions  are p a r t i c u l a r l y  promising i n  spo r t s  
medicine; therefore ,  t h e  inves t iga t ions  o f  B. M. Stovbun and V. M. Forshtadt 
(1963) are o f  d e f i n i t e  i n t e r e s t .  Unfortunately, t h e  methodological approach 
which they used i s  no t  without reproach. 
i n t e r v a l  from t h e  Q wave of  t h e  electrocardiogram t o  t h e  beginning of t h e  
anacrote i s  determined not  only by t h e  time o f  propagation of  t he  pulse  wave, 
but a l s o  by t h e  durat ion o f  t h e  stress period of t h e  l e f t  v e n t r i c l e .  
l a t t e r  quant i ty  i s  always decreased by 0.03-0.06 sec  under t h e  influence of  
i n t ens ive  muscular work.  Therefore, we cannot decide what causes t h e  
shortening of t h e  i n t e r v a l  which they s tudied during muscular work -- a 
decrease i n  t h e  propagation time of t h e  pulse  wave or a decrease i n  t h e  
stress period. 
t h e  r e s u l t s  of t h e  inves t iga t ions  of I .  L. Manuylova and I .  A. Manuylova 
(1965), as well as those o f  D .  B.  Shmul'yan (19661, who used t h i s  
same inco r rec t  methodological approach i n  determining changes i n  the  ra te  of 
propagation o f  the  pu l se  wave during physical s t r e s s .  

The problem i s  t h a t  t h e  time 

This 

Similar  considerations must be kept i n  mind i n  an analysis  of  
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CHAPTER V I 1  

X-RAY METHODS OF I N V E S T I G A T I O N  OF THE C A R D I A C  A C T I V I T Y  
OF ATHLETES 

ABSTRACT. Various funct ional  X-ray methods  a r e  described, 
allowing q u a n t i t a t i v e  descr ip t ions  of t h e  hear t  and i t s  
operat ion.  Tried and t r y  methods such as roentgenkymography 
a r e  descr ibed,  i n  addi t ion t o  a n e w  X-ray functional method-- 
electrokymography. Forms of roentgenkymogram rays a r e  'dia- 
grammed and s ign i f i cance  analyzed. Causes and manifestations 
o f  hypertrophy, p r inc ipa l ly  of t h e  l e f t  v e n t r i c a l ,  a r e  pre-  
sented. T h e  graphic phase ana lys i s  of electrokymograms is 
described i'n de ta i  1 .  Case h i s t o r i e s  a r e  presented. Tele- 
roentgenography, a method of studying t h e  volume of t h e  
hea r t ,  is descr ibed.  

In t h i s  chapter ,  we d iscuss  only the  func t iona l  X-ray methods allowing /255 
I_ 

q u a n t i t a t i v e  descr ip t ions  of t he  hea r t  and i t s  work. In addi t ion  t o  the  o ld  
and t r i e d  methods, such as roentgenkymography, we present  da t a  on a new 
X-ray funct ional  method -- electrokymography. 

As has been shown recent ly ,  b ip lanar  teleroentgenography i s  of g rea t  
We present  the  modern methodological s ign i f i cance  f o r  s p o r t s  medicine. 

p r inc ip l e s  of t h i s  type of  X-ray inves t iga t ion .  

Roentgenkymography of the  Heart 

Among the  methods used i n  medicine f o r  evaluat ion of t h e  s t a t e  of t he  
cardiovascular  system, an important p lace  i s  held by roentgenkymography. 
Using t h i s  method, it i s  poss ib l e  t o  determine the  form, pos i t i on  and 
dimensions of t h e  hea r t  and l a rge  ves se l s ,  t o  de l inea te  the  hea r t  chambers 
and t h e  sec t ions  o f  t h e  a o r t a ,  t o  study t h e  h e a r t  i n  s y s t o l e  and d i a s t o l e  
separa te ly ,  and t o  evaluate  i n d i r e c t l y  i t s  cont rac t ive  capab i l i t y .  

Roentgenkymography f i x e s  t h e  movement of t h e  hea r t  and l a rge  vesse ls  and 
allows an objec t ive  determination t o  be made concerning t h e i r  changes i n  
r e l a t i o n  t o  t h e  dynamics o f  t r a i n i n g  and t h e  inf luence of physical  loads.  
The roentgenkymogram is  a summary curve, determined by a number of f ac to r s ,  
t h e  p r inc ipa l  of which a re :  t h e  pulsa t ing  movement o f  t he  h e a r t ,  r e s u l t i n g  
from s y s t o l i c  cont rac t ion  and d i a s t o l i c  r e l axa t ion  of t h e  muscular wal ls ;  
volumetric f luc tua t ions  i n  t h e  h e a r t ,  a r i s i n g  i n  r e l a t i o n s h i p  t o  t h e  var ious /256 
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types of hemodynamic influences and changes of  t h e  in t r aven t r i cu la r  pressure;  
t he  ro t a t iona l  movement of  t h e  hear t ;  the  movement of t h e  s y s t o l i c  output,  
e tc .  
a functional d i f f e r e n t i a t i o n  of  t h e  various sec t ions  o f  t h e  hea r t .  

The morphological spec i f i c s  of t h e  waves of  t h e  roentgenkymogram allow 

Certain problems of methodology. The method of  roentgenkymography was 
f irst  used by Sabat i n  1911;Goett and Rosental i n  1912 i n  the  form of 
s i n g l e - s l i t  roentgenkymography, allowing the  recording o f  t h e  contract ions of 
individual  sec t ions  of  t h e  hea r t .  The method became broadly used only a f t e r  
1928, when Stumpf suggested t h e  m u l t i s l i t  roentgenkymograph, allowing simul- 
taneous images of t h e  movement of  a l l  po in ts  on t h e  ou t l ine  of  t h e  hear t  and 
la rge  vesse ls  t o  be produced simultaneously. 

In  spor t s  medicine, t h e  method of roentgenkymography has been broadly 
used t o  evaluate t h e  e f f e c t s  of physical  exercises  on the  hea r t  by 
S. V. Shestakov (1933), S. P.  Letunov (1949, 1957), R. Ye. Motylyanskaya 
(1949), A. A. Gorodetskiy (1947), N. V. Po t te  (1951), N. D. Grayevskaya 
(1960, 1961), N. V. Savina (1958), Zddansky (1947 . _  ) ,  Reindell  (1940, 
1960), e tc .  

The method of roentgenkymography is  based on the  fact  t h a t  X rays  pass 
through t h e  hor izonta l ly  located narrow s l i t s  i n  a lead l a t t i c e  placed 
between t h e  tes t  subject  and a screen carrying photographic f i l m .  During an 
exposure, the  l a t t i c e  i s  moved evenly s o  t h a t  each of  the  s l i t s  (width 1 mm) 
passes through a d is tance  equal t o  t h e  width of  t h e  lead p l a t e s  separat ing 
one s l i t  from t h e  next .  Each s l i t  i n  the  la t t ice  ends i t s  movement a t  t he  
poin t  over t h e  hea r t  where the  movement is  begun by t h e  next s l i t .  As a 
r e s u l t ,  an image of t h e  e n t i r e  ou t l ine  of t h e  h e a r t  and la rge  vesse ls  i s  
produced on the  roentgenkymogram. 

A t  the  present  time, t h e  roentgenkymogram produced by t h e  I n s t i t u t e  o f  
I t  Roentgenology and Radiology and the  "Rentok" p l an t  i s  used i n  t h e  USSR. 

cons i s t s  of a meta l l ic  frame containing a l a t t i ce ,  moved by a system of 
spr ings.  
s ta t ionary .  The l a t t i c e  has 22 s t r i p s ,  each 12  mm i n  width. The roentgen- 
kymogram i s  taken i n  a n t e r i o r  project ion,  o r  when a number 09 problems need 
t o  be c l a r i f i e d  (for example, t h e  question of hypertrophy of  some port ion of  
t h e  hear t ,  changes i n  vesse ls ,  e t c . )  it may a l s o  be taken i n  t h e  f irst  
s lan ted  pos i t ion  ( t e s t  subjec t  ro t a t ed  with r i g h t  shoulder and chest  toward 
cassette a t  45" from f ron t  project ion)  o r  t h e  second s l an t ing  pos i t ion  ( l e f t  
shoulder forward a t  510-60~ angle ro t a t ion  from f ront  pro jec t ion) .  

The l a t t i c e  moves while t he  fi lm-containing cassette remains 

The recommended operat ing mode f o r  the  apparatus f o r  exposure i n  t h e  
f ron t  project ion is :  
focal  dis tance 70-80 c m .  

cur ren t  40-50 m a ,  vol tage 80-90 kv, exposure 2-3 sec, 

. When the  roentgenkymogram i s  taken i n  the  s l an ted  o r  l a t e r a l  pos i t ions ,  - /257 
t h e  voltage should be increased t o  90-110 kv, t h e  foca l  dis tance t o  80-90 c m .  
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Since t h e  configuration and dimensions o f  t h e  hea r t  depend t o  a 
considerable extent  on t h e  l e v e l  o f  t h e  diaphragm, during dynamic observ- 
a t i o n s  it i s  q u i t e  expedient t o  perform exposures with var ious levels o f  
inhalat ion,  measured a t  300-400 c m 3  (depending on t h e  form o f  t h e  thorax and 
t h e  lung capaci ty) .  

T h e  roentgenkymogram i n  the s t a t e  o f  muscular r e s t .  The normal 
roentgenkymogram most f requent ly  shows a s l an ted  pos i t i on  of t h e  h e a r t .  
young persons and persons with a narrow thorax, t h e  p o s i t i o n  of t h e  hea r t  i s  
pr imari ly  v e r t i c a l .  
pos i t i on  of t h e  hea r t  may approach t h e  t ransverse.  

I n  

With a broad r i b  cage and elevated diaphragm, t h e  

The degree o f  roundness of t h e  h e a r t  shadow i n  i t s  individual  segments 
r e s u l t s  pr imari ly  from t h e  degree of hypertrophy and the  tonogenic expansion 
of t h e  var ious h e a r t  chambers. 

In t h e  a n t e r i o r  p ro jec t ion ,  t h e  o u t l i n e  o f  t h e  h e a r t  i s  i l l u s t r a t e d  by 
15-18 bands o f  t h e  roentgenkymogram (Figure 78) .  The nature  of t h e  waves 
allows us  t o  d i s t ingu i sh  t h e  var ious sec t ions  o f  t h e  h e a r t .  The l e f t  contour 
of a normal roentgenkymogram shows t h e  l e f t  v e n t r i c l e ,  t h e  l e f t  atrium, t h e  
pulmonary a r t e r y  and the  a o r t a .  The l e f t  v e n t r i c l e  u sua l ly  covers 6-9 bands, 

/258 the  atrium -- not  over 1 - 2  bands, t h e  pulmoqary a r t e r y  -- 2-3 bands, t h e  
a o r t a  - -  2-1/2-3-1/2 bands. The sec t ion  forming t h e  r i g h t  edge i s  the  r i g h t  - 
atrium ("ventricular" type waves can sometimes be determined i n  t h e  lower 
sec t ion ) .  Beginning with t h e  a t r i a l - v a s c u l a r  angle (approximately from t h e  
n in th  t o  t h e  t h i r t e e n t h  o r  fourteenth band) w e  f i n d  t h e  zone o f  t h e  
ves se l s  -- t h e  vena cava supe r io r  and t h e  ascending a o r t a ,  t h e  waves of which 
show almost no o u t l i n e  i n  most cases. 

In t h e  f i rs t  s l an ted  pos i t i on ,  t h e  a n t e r i o r  contour shows t h r e e  arcs: 
the  ascending a o r t a ,  t h e  pulmonary cone and t h e  l e f t  v e n t r i c l e ,  while t h e  
p o s t e r i o r  contour shows t h e  ascending a o r t a ,  t h e  l e f t  and r i g h t  a t r i a .  In  
the  second s l an ted  p o s i t i o n ,  t h e  a n t e r i o r  contour shows t h e  ascending a o r t a ,  
t he  r i g h t  atrium and t h e  r i g h t  v e n t r i c l e ,  while t he  p o s t e r i o r  contour shows 
t h e  l e f t  atrium, with t h e  pulmonary a r t e r y  i n t e r s e c t i n g  it i n  i t s  upper 
sec to r ,  and t h e  l e f t  v e n t r i c l e .  

With t h e  hypertrophy o f  t h e  l e f t  v e n t r i c l e  f r equen t ly  encountered i n  
a t h l e t e s ,  i t s  zone i s  increased t o  8-11 bands, and t h e  l e f t  a t r i a l  zone 
decreased t o  1 / 2 - 1  band, o r  may disappear e n t i r e l y  i n  cases of considerable 
hypertrophy . 

In case o f  hypertrophy and tonogenic expansion of t h e  r i g h t  v e n t r i c l e  i n  
connection with increased funct ion,  t h e  number o f  bands occupied by t h e  
"ventr icular  type" waves on t h e  r i g h t  contour is  increased t o  3-4 o r  more, 
and i n  many cases  t h e s e  waves may encompass t h e  e n t i r e  r i g h t  contour. 

The l e f t  v e n t r i c u l a r  waves are hook-shaped with a longer and s l i g h t l y  
convex upper d i a s t o l i c  bend, showing t h e  la te ra l  movement of t h e  contour o f  
t h e  hea r t  during t h e  d i a s t o l e ,  a sho r t ,  s t r a i g h t  lower s y s t o l i c  curve and a 
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Figure 78. Roentgenkymogram o f  
A t h l e t e  S. 1 ,  Longitudinal d imen-  
s ion of hear t  ( 1  ine connecting 
f i r s t  c l e a r l y  v i s i b l e  wave over 
diaphragm t o  top wave of r igh t  
contour o r  r igh t  a t r iobasa l  
ang le ) ;  2 ,  3 ,  Sum of l i n e s  
(perpendiculars drop t o  l i n e  1 
from l e f t  upper and r igh t  lower 
ou t l ines  o f  hea r t )  making u p  
s lan ted  dimension of h e a r t ;  4 ,  
5 ,  Sum of l i nes  showing d is tance  
between median l i n e  and f u r t h e s t  
points on waves o f  r igh t  and l e f t  
ou t l i nes  of h e a r t ,  making u p  
t ransverse  s i ze of hear t  ; 
6 ,  H e i g h t  of l e f t  v e n t r i c l e ;  
7 ,  Thickness of l e f t  v e n t r i c l e ;  
8, Height of r igh t  v e n t r i c l e ;  
9, Thickness of r i g h t  v e n t r i c l e  

sharp or s l i g h t l y  rounded t i p .  
The longer t h e  d i a s t o l e ,  t he  more 
convex t h e  upper shank appears. 
Variants  of  t h e  norm f o r  ven t r i c -  
u l a r  waves a r e  [according t o  
V. V. Zodiyev and N. P. Razumov 
(1953)l : arc-shaped, t rapezoida l ,  
doub 1 e a r c  - shaped , ne e d l  e - s h ap e d , 
hook-shaped with s t r a i g h t  shank 
and with sharp t i p  (Figure 79) .  
In  case o f  card iac  muscle 
d i seases  , deformat ions may appear 
i n  t h e  form of  e longat ions and 
shortenings of t he  s y s t o l i c  shank, 
stepped shapes,  waviness, t e e t h ,  
convexity, s p l i t t i n g  of t h e  
d i a s t o l i c  shank, e t c .  These 
deformations a r e  almost never 
encountered i n  a t h l e t e s .  

The form of  t h e  waves and t h e  
degree t o  which t h e  t i p s  a r e  
sharpened depend on the  pulse  
frequency, r e s p i r a t i o n  phase, 
card iac  muscle tonus and a number 
of  o the r  f a c t o r s .  

In  untrained a t h l e t e s  with 
manifest  bradycardia,  we most 
f requent ly  s e e  hook-shaped waves 
with c l e a r  e longat ions of  t h e  
d i a s t o l i c  shank. Af te r  physical  
loading, t he  waves become sharper .  

The vascular  waves a r e  mirror  
r e f l e c t i o n s  of  t he  v e n t r i c u l a r  
waves: an upper sho r t ,  s t r a i g h t  
shank corresponds t o  t h e  
v e n t r i c u l a r  sys to l e ,  and i s  
followed by an inc l ined ,  convex 
curve r e f l e c t i n g  the  slow emptying 
of t h e  ves se l  during the  
v e n t r i c u l a r  d i a s t o l e .  According 
t o  the  same diagram, t h e  va r i an t s  
o f  t he  normal vascular  wave 
(aor ta )  a r e  waves with extended 

/ 2 5 9  

and elongated peaks. 
undergone s c l e r o t i c  changes, deformations appear i n  the  form of  t h e  convexity /260 
of t h e  s y s t o l i c  shank, or as rounded or sect ioned peaks, e t c .  

When the  e l a s t i c  wall  -of t he  a o r t a  i s  damaged o r  has 
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7 m, 

Figure 79. 
(Accord i ng 

Roentqenkymogram Waves 
t o  N .  P.  Razumo; and V I  V .  Zodivev). - , .  

I ,  l e f t  ven t r i cu la r  waves; 1 ,  normal wave form 
of ordinary hook, 2-7 va r i an t s  of the norm 
( 2 ,  arc-shaped; 3 ,  t rapezoida l ;  4 ,  double a r c ;  
5, needle-shaped; 6 ,  hook w i t h  s t r a i g h t  shank; 
7 ,  hook w i t h  sharp t i p ) ;  8-17, various deforma- 
t ions of waves. I I ,  aor t a l  waves: 1 ,  ordinary 
s p i c u l a r ;  2 ,  3 ,  var i an t s  of t h e  norm ( 2 ,  sp i cu la r  
w i t h  extended and elongated t i p ;  3 ,  w i t h  s p l i t  
t i p ;  4-8, deformed waves i n  case o f  s c l e r o t i c  o r  
o ther  ao r t a l  damage. I l l ,  a t r i a l  waves: 

1 ,  normal; 2-6, various changes 

The a t r ia l  waves a r e  polymorphous, bu t  most f requent ly  double, t h e  upper 
por t ion  of  which shows t h e  a t r i a l  sys to l e ,  t h e  lower por t ion  -- t h e  
v e n t r i c u l a r  sys to l e .  As t h e  v e n t r i c u l a r  s y s t o l e  i s  re inforced ,  t h e  ven t r i c -  
u l a r  component i s  re inforced  and may exclude t h e  a t r i a l  component -- ven- 
t r i c u l a r  type waves are recorded. 
wave is  almost twice as long as t h e  upper branch. With d i s rup t ions  i n  
myocardial funct ion,  t he  t i p s  may'be equal,  or t he  upper may be s l i g h t l y  
longer than t h e  lower. 

Most f requent ly ,  t h e  lower branch of t h e  
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The d i f fe rence  between t h e  contour of  the  h e a r t  during t h e  s y s t o l e  and 
d i a s t o l e  is determined by t h e  amplitude o f  t he  waves, one o f  t he  most 
important ob jec t ive  i n d i c a t o r s  of t h e  cont rac t ive  a c t i v i t y  of t h e  card iac  
muscle. 
resul ts  from s y s t o l i c  cont rac t ion  and d i a s t o l i c  weakening of t h e  card iac  
muscle, r o t a t i o n a l  movements of  t he  hea r t  and i ts  pos i t i on .  

The X-ray kymographic curve of  pu l sa to r  movements of t h e  hea r t  

The amplitude of t h e  waves can bes t  be measured by t h e  length of t h e  
s y s t o l i c  shank. 

According t o  t h e  d a t a  from the  l i t e r a t u r e ,  t he  amplitude of waves of  t h e  
l e f t  v e n t r i c l e  is  normally 4-7 mm i n  the  a n t e r i o r  p ro jec t ion  and 8-12 mm i n  
t h e  second s l an ted  pos i t i on .  Yu. I.  Arkusskiy (1948), N.  P .  Razumov, 
V. V. Zodiyev (1953) and o the r s  be l ieve  t h a t  i s o l a t e d  hypertrophy of  t h e  
card iac  muscle produces small waves (3-4 mm), while high-amplitude waves o f  
varying s ize  a r e  observed i n  cases  of tonogenic expansion of t h e  hea r t .  

On t h e  hea r t  roentgenkymograms of more than 500 qua l i f i ed  a t h l e t e s  which 
we analyzed, t h e  amplitudes of  t he  l e f t  v e n t r i c u l a r  waves i n  the  overwhelming 
major i ty  of  cases  exceeded t h e  norms, es tab l i shed  f o r  hea l thy  persons,  and 
were within l i m i t s  of  5-11 mm i n  the  a n t e r i o r  and 7-15 mm i n  t h e  second 
s l an ted  pro jec t ion .  Many years  dynamic observat ions do not allow us t o  
agree with t h e  poin t  of  view t h a t  high waves a r e  an ind ica to r  o f  decreased 
tonus of  t he  myocardium. 

The worsening of  t h e  func t iona l  s t a t e ,  t h e  phenomenon of ove r s t r e s s  and 
over t ra in ing  a r e  accompanied by a decrease i n  amplitude,  p a r t i c u l a r l y  i n  t h e  
caudal s ec t ion  of t h e  l e f t  v e n t r i c l e ,  r i g h t  up t o  appearance of the  so-ca l led  
deaf zones. This corresponds t o  c l i n i c a l  observat ions showing t h a t  a s  a 
r e s u l t  of anatomic s p e c i f i c s ,  worsening of supply of  t h e  myocardium and a 
decrease i n  i t s  con t r ac t ive  capaci ty  appear here  f i rs t .  

Evaluating the  "deaf zones," we should keep i n  mind t h a t  most f requent ly  
i n  the  second s l an ted  p o s i t i o n  (and i n  the  a n t e r i o r  pos i t i on  a f t e r  physical  
loading) c l e a r l y  expressed pulsa t ion  i s  seen i n  these  sec fo r s  (Figure 80). 
This a c t s  a s  one of t he  d i f f e r e n t i a l  d iagnos t ic  i nd ica to r s  f o r  t h e  determin- 
a t i o n  of d i s t i n c t i o n s  between the  "sports  hear t"  and t h e  decrease i n  t h e  
cont rac t ive  capaci ty  of t h e  myocardium r e s u l t i n g  from hea r t  muscle d isease .  

- /26l 

The amplitude of pu l sa t ions  of t h e  r i g h t  contour i n  hea l thy  persons i n  
the  a n t e r i o r  pro jec t ion  i s  3-3.5 mm, i n  t he  second s l an ted  posi- .  
t i o n  -- 3-5 mm. In t r a i n e d  a t h l e t e s ,  these  f i g u r e s  genera l ly  l i e  between 
3-6 and 5-10 mm. The r a t i o  o f  the  pulsa t ion  amplitude o f  t he  l e f t  and r i g h t  
v e n t r i c l e s  ( L / R  f a c t o r )  i s  genera l ly  between 1.5 and '1 .6 .  

The amplitude of t h e  waves i n  the  l e f t  atrium did not exceed 2 mm, and 
was most f requent ly  0.5-1.5 mm. 
a o r t a  i n  t r a i n e d  a t h l e t e s  most f requent ly  var ied  between 2.5-3.5 and 
2 . 5 - 4  mm, i . e .  was a l s o  g r e a t e r  than t h e  q u a n t i t i e s  presented i n  the  
l i t e r a t u r e  f o r  hea l thy  persons (1.5-2.5 mm).  

The amplitude of t h e  pulmonary a r t e r y  and 
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F i g u r e  80. 
Physical Loading (Roentgenkymogram of Boxer S i n  
Anterior Pro jec t ion) .  A, before loading; B y  a f t e r  
1 oad i ng . 

Disappearance of "Deaf" Zone After 

The r i g h t  s i d e  of t he  vascular  contour most f requent ly  shows no waves on 
the  roentgenogram, although small waves a r e  sometimes seen, which 
depends on the  pos i t i on  of t he  upper vena cava and the  type of  vascular  
bundle. In  t h e  a n t e r i o r  pro jec t ion  the  wav.es of  t h e  a o r t a  are c l e a r l y  seen 
only on t h e  l e f t  contour. On t h e  r i g h t  they  a r e  seen only i f  t he  a o r t a  i s  
bent and f o r  one reason o r  another i s  included i n  the  contour. The appear- 
ance of  a c l e a r  vascular  pu lsa t ion  on t h e  r i g h t  i n  many cases  i s  seen i n  
a t h l e t e s  of  advanced age (without being v i s i b l e  on the  roentgenkymograms of  
t h e  same a t h l e t e s  taken a t  younger ages) .  Since t h e  p i c t u r e  of  t h e  ascending 
a o r t a  i n  t h e  a n t e r i o r  pos i t i on  is b lur red ,  i f  it i s  necessary t h a t  it be 
inves t iga ted ,  the  roentgenkymogram should be taken i n  the  l e f t  s l an ted  
p o s i t  ion.  

/262 - 

Three types of pu lsa t ion  a r e  dis t inguished:  t h e  f i rs t  -- with maximum 
amplitude a t  t he  apex of t he  h e a r t ,  t h e  second -- a t  the  base,  t h e  
t h i r d  -- with approximately i d e n t i c a l  amplitude a t  t he  apex and base of  t h e  
hea r t .  According t o  t h e  da t a  of  V. V. Zodiyev (1957), i n  forming t h e  type of  
pu lsa t ion ,  a grea t  r o l e  i s  played by the  s y s t o l i c  r o t a t i o n  of  the  hea r t .  The 
predominance i n  heal thy persons of t h e  first type of  pu lsa t ion  r e s u l t s  t o  a 
considerable  ex ten t  from t h e  f a c t  t h a t  t h e  apex of  the  hear t  p a r t i c i p a t e s  
more f u l l y  i n  the  r o t a r y  movement, so  t h a t  g r e a t e r  pu lsa t ion  i s  seen here .  
Proof of t h i s ,  i n  p a r t i c u l a r ,  i s  the  f a c t  t h a t  upon t r a n s i t i o n  from t h e  
v e r t i c a l  t o ' t h e  hor izonta l  pos i t i on ,  t he  f i rs t  type f requent ly  i s  replaced by 
t h e  second. 

For a long time it was thought t h a t  t h e  second type o f  pu lsa t ion  was 
more c h a r a c t e r i s t i c  f o r  a func t iona l ly  l e s s  capable hea r t  (Stumpf, 1936; 
E. M. Gel'shteyn, 1937; V. S.  Ginzburg, M. M. Vladysik and B. M. Sosina,  
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1939; M. A. Ivanitskaya, 1936; e t c . ) .  However, later i n  inves t iga t ion  o f  
phys ica l ly  s t rong and heal thy persons,  including a t h l e t e s ,  it was discovered 
t h a t  i n  a s i g n i f i c a n t  number of cases t h e  second type of pu lsa t ion  i s  
encountered with no d iseases  or funct ional  d i s rupt ions  (S. V. Shestakov, 
1934; S. P. Letunov, 1947; N.  D. Grayevskaya, 1961; e t c . ) ,  a n d . a f t e r  physical  
loading the  second type genera l ly  goes over t o  t h e  f i rs t  type i n  these  cases. 
However, during pathological  processes,  t h e  second type of pu lsa t ion  i s  s t i l l  
f requent ly  seen. 

According t o  our d a t a  on completely heal thy,  highly t r a ined  a t h l e t e s ,  
t h e  second type of  pu lsa t ion  was detected i n  20% of  the  cases, t he  f i rs t  type 
i n  70%, the  t h i r d  type i n  10%. In comparison with the  da t a  of V. V. Zodiyev 
(1957), which he produced using heal thy persons, t h e  f i rs t  type i s  encount- 
ered more f requent ly  i n  a t h l e t e s  (according t o  V. V. Zodiyev, the  f irst  type 
i s  encountered i n  49%, t h e  second type i n  39%, t h e  t h i r d  type i n  12% of 
cases) .  Dynamic observations of a t h l e t e s  showed, however, t h a t  t he  t r a n s i -  
t i o n  of  t he  first type of  pu lsa t ion  t o  t h e  second type i s  most f requent ly  
r e l a t e d  t o  a decrease i n  the . func t iona1  s ta te  of  t h e  cardiovascular system 
according t o  t h e  da t a  of complex examination or manifest development of age 
changes. 

The most r e l i a b l e  methods f o r  determining the  s i z e  of the  hear t  are, as 
w e  know, ortho- and teleroentgenography. However, i n  spo r t s  medicine, t h e  - /263 
roentgenkymographic method is  r a r e l y  used f o r  t h i s .  

In  order  t o  determine t h e  dimensions of  t h e  hear t  on the  roentgenkymo- 

According 
gram, t h e  corresponding po in t s  must be drawn, determining the  lengthwise, 
inc l ined  and t ransverse  dimensions of t h e  hea r t  (see Figure 78). 
t o  t he  method of Vakez and Borde, t he  height  of  t h e  l e f t  and r i g h t  ven t r i c l e s  
are a l s o  determined (Vs and VD). For t h i s ,  s t r a i g h t  l i n e s  a r e  used t o  

connect the  a t r iovasa l  and cardiodiaphragmatic angles.  
of t he  arc of  t he  v e n t r i c l e s  i s  measured perpendicular t o  the  height -- t o  
t h e  f a r t h e s t  point  on t h e  a r c  (% and H ).  

The convexity 

Vs ref lects  t o  some extent  t h e  
S vD 

length of t he  l e f t  v e n t r i c l e  and the  s t a t e  of t h e  paths of e f f lux ,  % 
S 

ref lects  t h e  expansion o f  t he  pos t e r io r  wall of t he  l e f t  v e n t r i c l e  i n  t h e  
dorsal  d i r ec t ion  -- t h e  condition of t h e  paths  of in f lux .  

a c t e r i z e  the  paths of in f lux  of the  r i g h t  ven t r i c l e .  

than VD. Although a l l  these  measurements are far  from t h e  t r u e  anatomical 

quan t i t i e s ,  they s t i l l  can be used a s  an approximation f o r  dynamic observ- 
a t  ions. 

VD and % char- 
D 

Normally, Vs i s  g rea t e r  

The a rea  of t h e  hear t  i s  determined on the  bas i s  of  t h e  longi tudinal  and 
incl ined dimensions using the  proper formulas, nomograms and planimetr ic  
methods. The bes t  known is  the  formula of Hammer,  according t o  which the  
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a rea  of t h e  hea r t  mul t ip l ied  by 100 and divided by a de r iva t ive  from t h e  
he ight ,  chest  circumference and constants  (equal t o  226 f o r  t h e  planimetr ic  
method) va r i e s  normally between 95 and 105 cm2. 
g r e a t e r  than 110 cm2 a r e  considered t o  be on the  edge of pathology. 

Values l e s s  than 90 o r  

Af te r  t h e  proper pro jec t ion  cor rec t ion ,  t h e  roentgenometric i nd ica to r s  
produced a r e  compared with t h e  physical  development of t he  t e s t  subjec t ,  
comparing t h e  ac tua l  dimensions of  the  h e a r t  with t h e  proper dimensions f o r  a 
given age and weight, f o r  which purpose a number of t a b l e s  and nomograms have 
been suggested. V. V. Zodiyev (1957) be l ieves  t h a t  t he  t a b l e s  of 
Yu. I .  Arkusskiy (1947) are most accurate ,  i n  which t h e  dimensions of t he  
h e a r t  are given i n  r e l a t i o n s h i p  t o  height  of t h e  tes t  subjec t ,  considering 
sex and age. In  s p o r t s  medicine, t he  method of Ungerleider and Gubner (1943) 
has become widely used, allowing spec ia l  nomograms t o  be used t o  f ind  the  
ac tua l  a r e a  of  t h e  h e a r t  from t h e  values of i t s  longi tudina l  and inc l ined  
diameters,  and a l s o  ind ica t ing  the  proper values of h e a r t  a r e a  and t ransverse  
diameter f o r  a given height  and weight. 

In  order  t o  determine t h e  volume of t h e  hea r t  from the  formulas which 
have been developed (Rorer, Assman, e t c . )  add i t iona l  photographs must be 
taken i n  l a t e r a l  p ro j ec t ions .  The Bardin formula allows the  hea r t  volume t o  
be ca lcu la ted  from photographs made i n  the  an te r io r ,  p ro jec t ion  alone. 
According t o  t h i s  formula, t h e  volume of t he  hea r t  i s  equal t o  3/2 i t s  area,  

cor rec t ion  t o  t h i s  formula f o r  t he  pro jec t ion  d i s t o r t i o n .  
t h i s  cor rec t ion  appears as follows: t he  volume of  t h e  hea r t  i s  equal t o  
O.S(O.85 x 3/2 a r e a ) .  According t o  the  da ta  of  Yu. I .  Vaynshteyn and 
V.  V. Zodiyev, t he  devia t ion  from t h e  t r u e  dimensions using t h i s  formula 
w i l l  not  exceed 5-7%. 

/264 mul t ip l ied  by 0.53. A. V. Grinberg and Yu. I .  Vaynshteyn introduced a L__ 

The formula with 

There a r e  a l s o  a number of  methods f o r  determining t h e  s i z e  of the  hea r t  
and a o r t a  i n  the  s l an ted  pos i t i ons ,  t h e  b e s t  of t hese  being t h a t  of Vakez and 
Borde. 

The diameter of  t he  a o r t a  i s  d i f f i c u l t  t o  determine i n  the  an te r io r  
pos i t i on .  
po in t  of  crossing of  t h e  arc of t he  r i g h t  atrium t o  the  a o r t a ,  a l i n e  is  
drawn t o  the  extreme poin t  of  t h e  a r c  (height of t h e  a o r t a ) ,  and perpendic- 
u l a r s  a r e  dropped t o  t h i s  l i n e  from the  f u r t h e s t  po in t s  o f  t h e  r i g h t  and lef t  
vascular  contours. The t o t a l  length of the  r i g h t  and l e f t  perpendiculars i s  
t h e  diameter of t h e  vascular  bundle. I t  i s  considered t h a t  t h e  diameter of  
t h e  a o r t a  is  one h a l f  of  t h e  diameter of t h e  vascular  bundle. According t o  
the  norms of  Yu. I .  Arkusskiy, t h e  diameter of  t he  ascending a o r t a  i n  the  
s tanding pos i t i on  is: f o r  age 16-20 years ,  1.5-2 cm; 20-30 years ,  2 cm; 
30-40 years,  2-2.5 cm; 40-50 years ,  2.5-2.8 cm;  50-60 years ,  2.5-3 cm, and 
o l d e r  than 60 years ,  3 cm.  

In order  t o  determine the  diameter of t he  vascular  bundle from t h e  

In a s i g n i f i c a n t  number of the  a t h l e t e s ,  the  dimensions of  the  hea r t ,  i n  
comparison t o  the  expected dimensions f o r  a given he ight  and weight, a r e  
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grea te r ,  which is a r e s u l t  of  t he  higher  demands placed on the  hea r t  by 
physical  s t r e s s .  

Most f requent ly  t h e  increase  i n  hea r t  diameters is  observed i n  repre-  
s en ta t ives  of types o f  s p o r t s  which r equ i r e  t r a i n i n g  pr imar i ly  f o r  endurance 
( sk i e r s ,  marathon runners ,  rowers, b i c y c l i s t s ,  e t c . ) .  

The s p o r t s  ranking has a c e r t a i n  s ign i f i cance  as w e l l ;  thus ,  r e l a t i v e l y  
l a r g e r  hea r t  dimensions were determined usua l ly  f o r  a t h l e t e s  with t h e  longest  
per iod of t r a in ing .  However, f requent ly  young a t h l e t e s  with low spor t s  
ranking show rapid  increases  i n  hea r t  dimensions, most f requent ly  a r e s u l t  of 
forced t r a in ing ,  and o f  l i t t l e  d iagnos t ic  s ign i f i cance  f o r  determination of 
s igns  of  overloading. 

The g r e a t e s t  h e a r t  dimensions were determined during inves t iga t ions  i n  
the  hor izonta l  pos i t i on ,  s ince  the  o r t h o s t a t i c  decrease i n  hea r t  s i z e  i n  t h e  
standing pos i t i on  i s  15-290 cm3 (averaging 150 cm3). 
and cross  sec t iona l  diameter o f  t h e  hea r t  determined i n  the  standing pos i t i on  
genera l ly  does not exceed 10-15%' i n  comparison t o  t h e  expected values  f o r  a 
given height  and weight, bu t  i n  many cases  ( p a r t i c u l a r l y  i n  a t h l e t e s  t r a i n e d  
for long per iods of time with high work volumes) may reach 20-30% o r  more. 
According t o  the  da t a  of  Reindel l  (1949), t he  hea r t  volume of qua l i f i ed  
a t h l e t e s s i n  the  prone p o s i t i o n  i s  700-1200 cm3, reaching i n  some cases 
1250-1400 cm3, but genera l ly  no t  exceeding 750-785 cm3 f o r  heal thy nonath- 
l e t e s .  

The increase  i n  a r e a  

_I_ /265 

The increase  i n  t h e  h e a r t  s i z e  i n  a t h l e t e s  occurs due t o  physiological  
hypertrophy o f  t he  card iac  muscle and tonogenic expansion of the  c a v i t i e s .  
The hypertrophy of t h e  card iac  muscle i s  a n a t u r a l  r e s u l t  of t he  hyperfunc- 
t i o n  of t h e  hea r t  during physical  stress. 

As t he  h e a r t  i n  a t h l e t e s  becomes l a rge r ,  normal proport ions a r e  r e t a ined  
between the  muscular mass of t h e  hea r t  and t h e  dimensions of t he  chambers. 
Reindell  and Delius (1948) present  da t a  ind ica t ing  t h a t  t h e  s i z e  o f  t h e  
c a v i t i e s  shows a g r e a t e r  absolute  increase  than the  muscular mass. The 
increase  i n  the  s ize  o f  t h e  spo r t s  hea r t  i s  defined by Reindell  as I'regul- 
a t i v e  d i l a t ion , "  i .e .  an increase  occurr ing due t o  a s i g n i f i c a n t  increase  i n  
the  r e s idua l  blood volume (its r a t i o  t o  the  s y s t o l i c  output a t  muscular r e s t  
sometimes reaches 3 : l ) .  

The d i a s t o l e  of t h e  hypertrophic spo r t s  hea r t  is  lengthened. The 
r e l a t i v e  shortening o f  t h e  s y s t o l e  occurs p r imar i ly  due t o  shortening of t h e  
expuls ion 'phase,  whereas t h e  s t r e s s  phase i s  s l i g h t l y  longer. Roentgenkymo- 
graphic  da t a  show reinforcement of t he  con t r ac t ive  capaci ty  of  such a h e a r t :  
a f t e r  loading, t he  hea l thy  h e a r t  shr inks  not iceably ,  t h i s  shrinkage being 
observed i n  t h e  Valsalva experiment as wel l .  The high working a b i l i t y  of  t he  
hypertrophic s p o r t s  h e a r t  i s  ind ica ted  by electrocardiographic ,  b a l l i s t o -  
cardiographic,  electrokymographic da t a ,  as wel l  as by t h e  normal values  o f  
i n t r a s y s t o l i c  pressure, .which Reindell  observed i n  a t h l e t e s  using d i r e c t  
ca the t e r i za t ion  of  t h e  hea r t .  
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Physiological hypertrophy o f  t h e  ca rd iac  muscle as a r eac t ion  t o  
physical  s t r e s s  i s  developed gradual ly  i n  t h e  process of  systematic  t r a i n i n g  
and usua l ly  ( i n  cont ras t  t o  pathological  hypertrophy) does not become very 
g rea t .  According t o  the  plan of B. M. Kudish (1932), hypertrophy and tono- 
genic  expansion begin with t h e  paths  of e f f lux ,  a f t e r  which var ious forms o f  
combinations of  changes i n  tne  paths  of e f f l u x  and in f lux  a r e  observed, which 
r e s u l t s  i n  varying degrees of incre.ases i n  the  dimensions of  t he  hea r t .  The 
weight of t he  hypertrophic spo r t s  hea r t  may reach 350-400 g ( in  hea l thy  
nonath le tes ,  -- 300 g), bu t  even t h e  l a rges t  a t h l e t e s '  h e a r t s  do not  reach 
500 g -- t h e  so-ca l led  c r i t i c a l  weight (Linzbach, 1948), a f t e r  which f u r t h e r  
development of coronary anastomoses and c a p i l l a r i e s  does not  occur,  s o  t h a t  
dystrophic  and func t iona l  changes begin. Thus, Reindell  has presented da ta  
ind ica t ing  t h a t  t h e  l a r g e s t  a t h l e t e ' s  hea r t ,  with a volume o f  1400 cm3, 
weighed only 400 g. His to logica l  and biochemical i nves t iga t ions  have shown a 
normal p i c t u r e  of hypertrophic  a t h l e t e s '  hea r t s  (S. S. Vayl', 1940; 

(1965) showed t h a t  with increasing hea r t  dimensions, t h e  volume pe r  bea t  
increases .  
A .d i r ec t  i nd ica to r  o f  high working a b i l i t y  o f  t he  h e a r t  i s  considered by 
these  authors  t o  be the  proper r e l a t ionsh ip  between the  h e a r t  volume, 
absorption of oxygen and general  working a b i l i t y .  The increased working 
a b i l i t y  of l a rge  h e a r t s  i s  explained by these  authors  i n  t h a t  these hea r t s  
a r e  capable of increasing t h e  volume pe r  beat  during physical  stress t o  a 
g r e a t e r  ex ten t ,  by the  expulsion of l a rge  q u a n t i t i e s  of r e s idua l  blood, which 
i n  tu rn  makes poss ib le  a g r e a t e r  i n f lux  of blood t o  the  h e a r t  i n  the  
d i a s t o l e .  

/267 P.  Z .  Gudz', 1965; Reindell ,  Weyland, 1954). Reindel l ,  Klepzig and Steim - 
The absorpt ion of oxygen p e r  hea r t  bea t  t he re fo re  a l s o  increases .  

The inves t iga t ions  of  S. P .  Letunov, R. Ye. Motylyanskaya (1948), 
N .  D .  Grayevskaya (1952), V. N .  Kuz'mina (1955) and o the r s ,  i n  cont ras t  t o  
t h i s ,  show t h a t  card iac  hyperfunction due t o  g rea t  increases  i n  s i z e  i s  not  
t h e  bes t  form of adaptat ion of t he  a t h l e t e ' s  organism t o  physical  s t r e s s .  
Great enlargement of  t he  hea r t ,  p a r t i c u l a r l y  i t s  r i g h t  por t ion ,  genera l ly  i s  
a symptom of noncorrespondence between t h e  physical  load and the  working 
a b i l i t y  o f  t h e  a t h l e t e  and may lead t o  a decrease i n  reserve  s t rength  
of  t h e  hear t  and the  development of dystrophic  changes i n  the  myocardium, 
i . e .  i s  e s s e n t i a l l y  a s t e p  on the  way t o  development of  myogenic d i l a t i o n .  

According t o  the  da t a  of Reindell ,  enlargement of t h e  a t h l e t e ' s  hea r t  
occurs evenly f o r  a l l  s ec t ions .  

S. P .  Letunov and R. Ye. Motylyanskaya (1948), on t h e  b a s i s  o f  roentgen- 
kymographic inves t iga t ions ,  have d is t inguished  t h r e e  va r i an t s  (types) o f  
t ' sports  hear t"  depending on t h e  primary enlargement of  one or another 
s ec t ion  of  the  h e a r t :  1) without manifest  segmentary changes, 2) with 
enlargement pr imar i ly  o f  t h e  l e f t  v e n t r i c l e ,  3) with expressed enlargement of 
both sec t ions  o f  t h e  hea r t .  
t o  a considerable  ex ten t  from the  type of  s p o r t s  and pr imar i ly  t h e  volume and 
i n t e n s i t y  of physical  loading and t h e  degree of i t s  correspondence t o  the  
func t iona l  c a p a b i l i t i e s  ' o f  t h e  organism o f  the  persons i n  quest ion.  

The degree and na ture  of  t he  enlargement r e s u l t  
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For each o f  t hese  v a r i a n t s ,  t h e r e  are c e r t a i n  s p e c i f i c s  o f  t he  roentgen- 
kymographic p i c t u r e  o f  t h e  h e a r t  (Figure 81). 

When t h e  enlargement i s  p r imar i ly  i n  t h e  l e f t  v e n t r i c l e ,  w e  see elonga- 
t i o n  of t h e  h e a r t ,  enlargement o f  t h e  arc of t h e  l e f t  v e n t r i c l e  and rounding 
of t he  apex, a high pos i t i on  of t h e  l e f t  a t r iovascu la r  ang le . ,  The waist o f  
t h e  h e a r t  i s  c l e a r l y  expressed. The zone o f  l e f t  v e n t r i c u l a r  waves is  
increased t o  9-11 bands with a decrease i n  the  l e f t  a t r i a l  zone, r i g h t  up t o  
i t s  compIete disappearance. The r a t i o  of t h e  l e f t  t ransverse dimension t o  
t h e  r i g h t  increases  t o  1.8-2.4, t he  chord o f  t h e  l e f t  v e n t r i c l e  i s  length- 
ened, i t s  thickness i n d i c a t o r  i s .  increased, and pu l sa t ion  i s  reinforced.  In  
t h e  second s l an ted  p o s i t i o n ,  a s i g n i f i c a n t  swelling o f  t h e  l e f t  v e n t r i c l e  
toward t h e  rear  i s  noted as' i t s  contour approaches t h e  spine,  and with 
expressed hypertrophy o f  t h e  h e a r t  it e n t e r s  i n  t h i s  pos i t i on  t h e  shadow o f  
shadow o f  t h e  spine,  completely f i l € i n g  the  r e t r o c a r d i a l  space. 

/268 - 

For t he  t h i r d  type of s p o r t s  h e a r t ,  it is  c h a r a c t e r i s t i c  f u r t h e r  t h a t  
t he  r i g h t  c o n t o u r ' i s  rounded and s tands ou t ,  t he  r i g h t  a t r i o b a s a l  angle i s  
high, t h e  waist of t h e  hea r t  i s  smoothed due t o  an increase i n  the  s i z e  of 
t h e  cone and arc of t h e  pulmonary a r t e r y ,  t h e  chord of t h e  r i g h t  v e n t r i c l e  i s  
enlarged and i t s  thickness  i n d i c a t o r  i s  increased. With manifest hyper- 
trophy, t h e  r i g h t  v e n t r i c l e  may form t h e  edge, and i n  these  cases v e n t r i c u l a r  
type waves are seen t o  the  r i g h t  i n  t h e  lower sec t ion ,  and sometimes through- 
out t he  e n t i r e  contour. The amplitude of pu l sa t ion  i s  increased. In t h e  
f irst  s l an ted  pos i t i on ,  t h e  contour of t he  pulmonary a r t e r y  i s  seen t o  s tand 
ou t ,  and i t s  pulsat ion i s  increased. 

Morphological changes of t he  a t h l e t e ' s  h e a r t  occur t o  a g r e a t e r  extent  
due t o  t h e  paths  of e f f l u x ,  which manifests i t s e l f  i n  t h e  l e f t  v e n t r i c l e  
pr imari ly  i n  i t s  elongation, and i n  t h e  r i g h t  v e n t r i c l e  as an enlargement of 
t h e  pulmonary cone. If changes i n  t h e  paths of i n f l u x  o f  both v e n t r i c l e s  
a l s o  occur, clear enlargement of t h e  t r ansve r se  diameter and general dimen- 
s ions  o f  t h e  hea r t  i s  noted. 

The experimental i nves t iga t ions  of S. P .  Letunov, R .  Ye. Motylyanskaya 
(1949), N .  D. Grayevskaya (1952), V. N .  Kuz'mina (1954), Ya. G .  Ablov (1961) 
and o the r s  have e s t ab l i shed  c e r t a i n  differences i n  t h e  functional s t a t e  
between the  t h r e e  types o f  h e a r t .  
are c h a r a c t e r i s t i c  f o r  a t h l e t e s  with good funct ional  s ta te  of t h e  cardio- 
vascular  system (even with a considerable enlargement of t h e  dimensions of 
t h e  hea r t ,  determined frequent ly  with t h e  second type o f  s p o r t s  h e a r t ) .  

The f i r s t  and second types i n  most cases 

The t h i r d  type (manifest enlargement o f  both v e n t r i c l e s  of t h e  hea r t )  is  
more frequent ly  accompanied by c e r t a i n  ind ica t ions  of  decreased funct ional  
capaci ty  and may be encountered i n  r ep resen ta t ives  of var ious types of s p o r t s  
when t h e  loading i s  not  matched t o  t h e  funct ional  c a p a c i t i e s  of t h e  organism, 
with overfat igue,  or overtraining.  Cases when a considerable enlargement of 
h e a r t  ( p a r t i c u l a r l y  its t r ansve r se  diameter, which r e s u l t s  t o  a g r e a t e r  
extent  from changes i n  t h e  r i g h t  v e n t r i c l e )  occurs over a r e l a t i v e l y  sho r t  
time, which most f requent ly  r e s u l t s  from forced t r a i n i n g  i n  young and 

251 

L 



unprepared a t h l e t e s ,  can be of g rea t  d iagnos t ic  s ign i f icance .  As t h e  
func t iona l  s ta te  improves, t h e  reverse  changes f requent ly  occur (Figure 82) .  
This i nd ica t e s  t h a t  enlargement of t h e  hear t  i n  t hese  a t h l e t e s  occured 
pr imari ly  due t o  elements of expansion. 

i 6  ys d P . "  

I t  should be 
p a r t i c u l a r l y  empha- 
s i zed  t h a t  t h e  first 
v a r i a n t  of t h e  spo r t s  
hea r t  does not mean 
t h a t  t h e r e  is no 
hypertrophy of t h e  
card iac  muscle, but 
r a t h e r  i nd ica t e s  t h a t  
t h e  expansion which 
accompanies t h i s  
hypertrophy was 
s l i g h t .  We know t h a t  
even considerable 
hypertrophy withofit 
manifest  expansion of 
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Figure 82. Roentgenkymogram of Heart of t h e  c a v i t i e s  may have 
Boxer S i n  S t a t e  o f  Overstress (A )  and no e s s e n t i a l  inf luence 
Improved S t a t e  ( B ) .  on t h e  s i z e  of t h e  
i n  t h e  dimensions of t h e  hear t  ( p a r t i c u l a r l y  hea r t ,  p a r t i c u l a r l y  as 
t o  t h e  r i g h t ) ,  manifestation of pulsat ion i n  concerns the  r i g h t  
t h e  l e f t  supraapical a r ea ,  w h i l e  on ther ight  v e n t r i c l e  (Zdansky , 
ven t r i cu la r  waves have been  replaced by 1952). Therefore, we 
a r t r i a l  waves. might consider t h a t  

t h e  second var ian t  of  
t h e  hea r t  does not 

We can see t h e  decrease 

mean t h a t  t he re  is  no hypertrophy of t h e  muscular wall of t h e  r i g h t  
ven t r i c l e .  
hypertrophy, causing rounding of t h e  contours without manifest  enlargement of 
t h e  t ransverse  diameter, f r e e  r e t r o c a r d i a l  space, acute  cardiodiaphragmatic 
angle, low area of contact of hea r t  with diaphragm. 
apparently,  elements of  s ign i f i can t  expansion of both sec t ions  o f  t h e  hea r t  
predominate, which, considering t h e  weaker muscular wall of the r i g h t  
ven t r i c l e ,  determines i n  many cases the  more r ap id  formation of func t iona l  
d i s rupt ions .  _ _  

I n  a t h l e t e s ,  we frequent ly  encounter so-cal led concentric 

In t h e  t h i r d  va r i an t ,  

The predominance i n  these  cases  of expansion elements is  confirmed by 
t h e  comparatively rap id  decrease i n  the  dimensions of such a hea r t  (pa r t i c -  
u l a r l y  due t o  the  r i g h t  v e n t r i c l e )  as the  funct ional  s t a t e  of t h e  organism i s  
improved and phenomena of over t ra in ing  and overs t ress  a r e  l iqu ida ted .  

/271 In cont ras t  t o  t he  ac tua l ly  general ly  accepted po in t  of view of t h e  
_I_ 

physiological  nature  of hypertrophy and enlargement of t h e  "sports hear t , "  
there i s  a tendency t o  see pathology i n  any hypertrophic a t h l e t i c  hear t  
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(A, G. Dembo, 1966). However, this point of view, which arose as this 
problem first began to be studied (Selig, 1908; Beck, 1909; etc.), and has 
been repeated by individual investigators since (L. F. Dmitriyenko, 1926; 
Landen, 1947), has never been confirmed, experimentally or clinically. 
However, since hyperfunction always involves maximum mobilization of the 
resources of the myocardium (F. Z. Meyerson, 1963) athletes with very large 
hearts should be put under c,onstant and attentive medical observation. 

Figure 83. Change in Roentgenkymogram of. After 
Physical Stress. I ,  roentgenkymogram of heart of 
athlete N (decrease, in d,imensions o f  h.eart) ; 
I I ,  roentgenkymogram of heart of athlete L 
(increase in dimensions of heart). ' A, before 

,loading; B,' after loading 
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Changes i n  t h e  roentgenkymogram under t h e  i n f l u e n c e  o f  physical loading. 
In  order  t o  determine t h e  func t iona l  state o f  t he  a t h l e t e ' s  hea r t ,  it is  
expedient t o  use  roentgenkymographic inves t iga t ion  no t  only i n  t h e  s ta te  of 
re la t ive muscular q u i e t ,  but  a l s o  after physical  loading. 

If t h e  physical  loading corresponds t o  t h e  func t iona l  c a p a b i l i t i e s  of 
t he  organism, t h e  dimensions of t h e  h e a r t  during and a f t e r  loading w i l l  be 
decreased, t h e  amplitude o f  t h e  pulsa t ions  w i l l  be increased,  and t h e  f irst  
type w i l l  be r e t a ined  or t h e  second type w i l l  be  changed t o  the  f irst  or 
t h i r d  type . '  The area of v e n t r i c u l a r  waves on t h e  r i g h t  may b e  enlarged, and 
the  ex ten t  of  t h e  remaining zones w i l l  decrease l i t t l e .  
sharper ,  and t h e  s y s t o l i c  shank take$ on a s t e e p e r  d i r e c t i o n ,  t h e  d i a s t o l e  is 
shortened (Figure 83) .  The decrease i n  dimensions of  t h e  hea r t  after loading 
r e s u l t s  from more complete emptying of r e s i d u a l  blood. 

The waves become 

Certain authors  (V. V. Zodiyev, 1957) found an increase  i n  t h e  ampli- 
tudes of  pu l sa t ion  a f t e r  loading pr imar i ly  i n  i n s u f f i c i e n t l y . t r a i n e d  
a t h l e t e s .  Special  i nves t iga t ions  on a t h l e t e s  with var ious func t iona l  states 
o f  t he  cardiovascular  system which w e  performed have shown t h a t  an increase  
i n  amplitude after loading is  discovered i n  almost a l l  a t h l e t e s ,  between 
1 and 7 mm. However, well  t r a ined  persons with normotonic r eac t ion  of t he  
cardiovascular  system t o  loading c h a r a c t e r i s t i c a l l y  show moderate increases  
i n  amplitude (1-4 mm), while persons with d i s t o n i c  r eac t ions  i n  many cases  
show.greater increases  i n  amplitude. With poor func t iona l  s t a t e  i n  many 
cases even a decrease i n  t h e  pulsa t ion .  amplitude was noted. 

With poor func t iona l  s t a t e  or with extreme loadings,  t h e  roentgenkymo- 
gram may show an increase  i n  h e a r t  dimensions a f t e r  muscular work with 
r e t en t ion  of t he  second or t h i r d  type of  pu l sa t ion  and a decrease i n  
amplitude (Figure 83, 11).  

During t h e  recovery per iod,  t h e  dimensions o f  t h e  hear t  gradual ly  r e t u r n  
t o  t h e  i n i t i a l  dimensions. 
var ious s tages  of  t h e  recovery per iod after var ious physical  loads showed 
s i g n i f i c a n t  d i f f e rences  i n  t h e  dimensions of t h e  hea r t  a t  10-20 and 60-80 s e c  
following loading. 
most cases  at f i v e  minutes following loading. The na tu re  of t h e  load was 
a l s o  s i g n i f i c a n t :  
ences were expressed i n  t h e  na ture  of  t h e  'change i n  hea r t  .dimensions after 
loading depending on t h e  func t iona l  s t a t e  and type of response r eac t ion  of  
t h e  cardiovascular  system t o  loading, according t o  t h e  d a t a  of o the r  
hemodynamic ind ica to r s .  

Comparative inves t iga t ions  which we performed i n  

The g r e a t e s t  decrease i n  hea r t  dimensions was noted i n  

t h e  more in t ens ive  t h e  loading, t h e  more c l e a r l y  d i f f e r -  
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Apparently; it i s  t h e  time differences i n  measurement of  roentgen- 
kymograms and varying na ture  of loading which explain ' . the  va r i a t ions  i n  data  
concerning changes i n  hea r t  dimensions a f t e r  loading. For example, i n  
qont ras t  t o  most authors ,  who found a decrease i n  the  dimensions of t h e  
hea r t  after loading (Ya. I .  Kaminskiy, N .  A. Podkaminskiy, A. N .  Krestov- 
nikov, S. V. Shestakov, S. .P. Letunov, A. A. Gorodetskiy, V. G .  Ginzburg, 
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N. D.  Grayevskaya, N. V. Savina, V. V. Zodiyev, Gotthardt,  Moritz, Reindell ,  
Raab, e t c . ) ,  E.  M. Gel 'shteyn and A. I .  Dombrovskiy observed no decrease i n  
dimensions of t h e  h e a r t ,  while N. V. Po t t e ,  T. Bordosh, G .  Komadel, A. Kreze 
and o thers  even found an increase  i n  hea r t  dimensions a f t e r  moderate 
physical  loads.  

A s  spec ia l  experimental i nves t iga t ions  have shown, the  q u a n t i t i e s  
charac te r iz ing  hea r t  dimensions and i t s  amplitude may vary i n  the  same 
a t h l e t e  over a comparatively sho r t  per iod of time under t h e  inf luence of  
var ious f ac to r s ,  p a r t i c u l a r l y  i n  connection with the  na tu re  of t h e  loads 
being undertaken. The g r e a t e s t  changes i n  roentgenkymogram ind ica to r s  of  t h e  
hea r t  occur i n  the  immediate recovery per iod at t h e  f i f t h  minute a f t e r  
comparatively s l i g h t  loading and a t  t he  f i f t h  through f i f t e e n t h  minutes after 
very heavy ("maximal" type) physical  stress. Therefore,  during dynamic 
observat ions it is  important t o  take  the  roentgenkymogram a t  r e s t  under 
r e l a t i v e l y  i d e n t i c a l  condi t ions with respec t  t o  the  regime o f  t h e  preceding 
day and t h e  t i m e  o f  l as t  loading, and t o  use i d e n t i c a l  loadings f o r  each 
a t h l e t e  during var ious s t ages  of  observat ion i n  order  t o  s tudy t h e  inf luence 
of  loading on the  h e a r t ,  and t o  t ake  the  roentgenkymogram a t  the  i d e n t i c a l  
time a f t e r  loading. 

Changes i n  t h e  roentgenkymogram during t h e  course of t h e  t r a in ing  
process. The changes i n  the  roentgenkymographic p i c t u r e  of  t h e  hea r t  i n  
q u a l i f i e d  a t h l e t e s  with increas ing  s t a t e  of t r a i n i n g  during each s p o r t s  
season a re  comparatively s l i g h t :  
increase  i n  t h e  a rea  of  t h e  hea r t ,  p r i n c i p a l l y  r e s u l t i n g  from i t s  elongat ion,  /273 
and increase  i n  t h e  l e f t  v e n t r i c u l a r  zone and a s l i g h t  increase  i n  amplitude. 

i n  most cases ,  we f ind  only a s l i g h t  
- 

In case of  overloading, t he  enlargement of t he  hea r t  ( increase  i n  
t ransverse  diameter and chord of t he  r i g h t  v e n t r i c l e )  i s  one of t he  most 
constant  symptoms. Also, a decrease i n  t h e  tonus of t h e  ca rd iac  muscle, and 
a decrease i n  amplitude of pu lsa t ion  a re  noted. 

Dynamic observat ions o f  t r a ined  a t h l e t e s  who achieve high spor t s  r e s u l t s  
allow us  t o  d i s t ingu i sh  t h r e e  types of  changes of  t h e  hea r t  during the  
process of many years  t r a i n i n g .  

1. A gradual increase  i n  hypertrophy (not reaching any grea t  ex ten t )  
without expressed elements of expansion. The dimensions of  t he  hea r t  
genera l ly  correspond t o  t h e  no'rms or ( r a re ly )  exceed them by not over 5-10% 
and remain the  same over many years  o f  observation (Figure 84) .  This is  
usua l ly  t r u e  of  heal thy,  proper ly  t r a i n e d  a t h l e t e s  involved i n  those types o f  
spo r t s  which do 'not p lace  unusually g r e a t  demands on t h e  cardiovascular  
system. 
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2.  A gradual increase  i n  the  dimensions of  t h e  h e a r t ,  occurring 
p r i n c i p a l l y  i n  t h e  l e f t  v e n t r i c l e .  
p r imar i ly  during the  f irst  years  o f  t r a i n i n g ,  then s t a b i l i z e ,  reaching 
5-15% g r e a t e r  than t h e  normal values .  
capaci ty  f o r  many years  of  training: This type of change is  most f requent ly  

The dimensions o f  t he  hea r t  increase  

This hea r t  r e t a i n s  i t s  high func t iona l  
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observed i n  a t h l e t e s  t r a i n e d  with l a rge  volumes o f  work, but  when this-work 
corresponds t o  t h e  func t iona l  c a p a b i l i t i e s  of  t h e  organism.. 

Figure 84. Roentgenkymogram o f  Football Player I (No Mani- 
f e s t  Changes over 10 Years o f  Train ing) .  I , ' i n  1953; 
11' .  i n  1964 a 

3.  A rap id  increase  i n  dimensions of  t h e  h e a r t ,  covering both l e f t  and 
r i g h t  v e n t r i c l e s  and t h e  t ransverse  dimension of  t h e  h e a r t  (Figure 85). The 
increase  occurs most f requent ly  during the  first per iod of  t r a i n i n g  with 
heavy loads,  but  i n  some cases  may appear i n  a t h l e t e s  who have t r a ined  f o r  
some time as a r e s u l t  of  overloading, i n s u f f i c i e n t  recovery,  en t ry  i n t o  
competit ion while s i c k ,  e t c .  
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A roentgenkymographic p i c t u r e  charac te r ized  by s i g n i f i c a n t  enlargement 
of t h e  hea r t  both r i g h t  and l e f t  may be  e i t h e r  s t a b l e  ( i n  c e r t a i n  cases  t h e  
c h a r a c t e r i s t i c s  of decreased working a b i l i t y  may not appear) o r ,  i f  t r a i n i n g  
i s  changed i n  time, may show reverse  development with corresponding decrease 
i n  h e a r t  dimensions. 
v e n t r i c l e  i n  most cases  s t i l l  remains -- t h e  t h i r d  type of  '!sports haart!' i s  
developed o r  approximated. 
s i g n i f i c a n t  f l uc tua t ions  i n  h e a r t  dimensions a r e  f requent ly  seen over severa l  
years  of  observat ion (pr imari ly  changes i n  t h e  diameters showing t h e  s i z e  o f  
the  r i g h t  por t ions  of t h e  h e a r t ) .  The ind ica to r s  of t h e  func t iona l  s t a t e  and 
working a b i l i t y  a r e  genera l ly  uns tab le .  Therefore, discovery of t hese  

However, any degree of  enlargement o f  the  r i g h t  

In  a t h l e t e s  with these  s p e c i f i c s  of t he  h e a r t ,  
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changes during ordinary roentgenkymographic inves t iga t ion  should always be a 
s igna l  t o  t h e  doctor  t h a t  t h e  a t h l e t e  needs f u r t h e r  comprehensive examin- 
a t ion .  

Figure 85. Roentgenkymogram of Football Player M (Rapid 
' Increase i n  Heart Dimensions During F i r s t  Stage of 
Train ing) .  I ,  Ju ly  1957 (beginning of t r a in ing  i n  team of  

masters) ;  I I ,  November 1957 ( a f t e r  4 1/2 months) 

After long per iods following spor t s  t r a i n i n g  (10-15 years  or more af ter  
cessa t ion  of t r a i n i n g  d i r ec t ed  toward t h e  achievement of high r e s u l t s ) ,  two 
main va r i an t s  of changes i n  t h e  roentgenkymographic p i c tu re  of t h e  h e a r t  are 
observed. 

1. Retention of approximately t h e  same p i c t u r e  as during involvement i n  
spo r t s  (Figure 86). 
i n  dimensions due t o  reverse  development of t h e  elements of tonogenic expan- 
s ion.  
hea r t ,  less roundness of t h e  contours, and lower pulsa t ion  amplitude. In  
many cases,  t h e  f irst  type of  pu lsa t ion  goes over i n t o  t h e  second o r  t h i r d  
type. The area of contact  of t h e  h e a r t  with t h e  diaphragm increases  
s l i g h t l y ,  bu t  t h e  cardiodiaphragmatic angle remains acute o r  r i g h t .  
va r i an t  is  observed i n  general  i n  persons who continue systematic  physical  
exerc ise  t o  some extent  af ter  cessa t ion  of spec ia l  t r a i n i n g  and who the re fo re  
r e t a i n  high func t iona l  capaci ty  of the  cardiovascular system. 
(after 55-60 year.s) i n  many cases w e  see extended a o r t a  and more c l e a r l y  
expressed pulsa t ion  of t h e  r i g h t  vascular  contour. 

In t h i s  case,  w e  f requent ly  see  only a s l i g h t  decrease 

In  a t h l e t e s  o lde r  than 45-50 years ,  we may see  some elongat ion of t h e '  

This 

I n  o l d  age 
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F i g u r e  86. 
A f t e r  Cessat ion o f  T r a i n i n g .  
exe.rcise (roentgenkymogram of honored master o f  s p o r t s  i n  f o o t b a l l  B ) .  A, a t  
35 years o f  age (1953); B, a t  45 years o f  age (1963);  I I ,  w i t h  sudden cessa- 
t i o n  o f  p h y s i c a l  e x e r c i s e  (roentgenkymogram o f  honored master o f  s p o r t s  i n  
f o o t b a l l  K): A, a t  29 years of age (1952); B ,  a t  39 years o f  age (1962). 

Roentgenkymogram Dur ing Per iod  o f  Spor ts  T r a i n i n g  and 10 Years 
I, w i t h  c o n t i n u a t i o n  o f  sys temat ic  phys’ ical  
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2 .  With sudden ces sa t ion  of spo r t s  exercise  and complete exclusion of 
physical  exercise  from t h e  d a i l y  regime, manifest changes i n  t h e  roentgen- 
kymographic p i c t u r e  o f  t h e  h e a r t  develop rap id ly .  
considerably longer, t akes  on a more t ransverse p o s i t i o n  and contacts  t h e  
diaphragm broadly; t he  l e f t  cardiodiaphragmatic angle becomes obtuse, t h e  
amplitude o f  pu l sa t ion  decreases notably,  and t h e  age expansion of t h e  a o r t a  
and pulsat ion o f  t h e  r i g h t  vascular  contour are more c l e a r l y  expressed. The 
funct ional  s t a t e  o f  t h e  cardiovascular system and adaptation'  of t h e  organism 
t o  loads under these conditions general ly  become considerably worse. 

The h e a r t  becomes 
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Frequently, these changes appear a t  comparatively young age (up t o  
40 years ) ,  whereas persons continuing exercises  show t h i s  p i c t u r e  l e s s  
f requent ly  (as a r u l e  only a f t e r  55-60 years,  sometimes considerably l a t e r ) .  

Roentgenkymographic inves t iga t ion  of t h e  h e a r t  s t i l l  has considerable 
s ign i f i cance  a t  t h e  current  s t a g e  o f  development of funct ional  cardiology f o r  
t h e  determination of morphological and funct ional  f ea tu re s  o f  t he  a t h l e t e ' s  
hea r t .  The usage of t h i s  method f o r  dynamic observations allows us t o  
e s t a b l i s h  the  effects o f  physical  exe rc i se  on the  s t a t e  of t h e  hea r t ,  and t o  
study t h e  development of hypertrophy of t h e  cardiac muscle and t h e  dynamics 
of i t s  contract ive capacity,  determining c h a r a c t e r i s t i c s  of overloading of 
t h e  hea r t  i n  a t imely fashion. 

E 1 ec t ro kymog r ap  hy 

The usage of electrokymography t o  study t h e  h e a r t  i n  a t h l e t e s  has been 
t h e  subject  of only a f e w  works (Kjellberg e t  a l . ,  1949; Linko e t  a l . ,  1958; 
Y a .  G .  Ablov, 1961; Yu. I .  Akimov e t  a l . ,  1962; V. V. Bulychev e t  a l . ,  1965). 
A s  t h e  l i t e r a t u r e  da t a  show, t h i s  method can be used t o  study t h e  contract ive 
a c t i v i t y  o f  t he  h e a r t ,  which i s  o f  p a r t i c u l a r  s ign i f i cance  f o r  spo r t s  
medicine, Electrokymography i s  a comparatively new method of funct ional  
i nves t iga t ion  of t h e  h e a r t ,  l a r g e  ves se l s ,  lungs and o t h e r  organs. I t  allows 
us t o  record t h e  pu l sa t ing  movements of individual s e c t o r s  of t h e  myocardium 
and main vessels  using X rays  and a pho toe lec t r i c  c e l l ,  and i s  a continuation 
and fu r the r  improvement of t h e  method of roentgenkymography. 

The method was suggested i n  1936 by t h e  German roentgenologist  Heckmann 
under t h e  name actinocardiography, and somewhat l a te r  it was independently 
developed by Hjalmare (1937) under t h e  name fluorocardiography. Lian, Minot 
(1939) ca l l ed  t h i s  method radioelectrokymography, and Marchal (1946) c a l l e d  
it kinedensigraphy. 

CI 

/278 The decis ive r o l e  i n  the  development was played by t h e  works o f  t he  - 
American authors (Chamberlain, Henny and Boone, 1945), who suggested t h e  now 
general ly  used name o f  electrokymography, and who used a s p e c i a l  e l ec t ron  
apparatus,  due t o  which it became poss ib l e  t o  record curves o f  t h e  pulsat ion 
o f  t h e  h e a r t  -- electrokymograms (EKI) with high-amplitude waves (30-40 mm). 
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In  t h e  USSR, electrokymography was first used by V. V. Zaretskiy i n  
1956, then by a number of o the r  authors  (V. N.  Orlov, 1959; Yu. I .  Akimov, 
L .  L. Orlov, 1960; V. A. Shanina e t  al . ,  1961; Ya. G.  Ablov, 1961; 
I. Kh. Rabkin, E. A. Grigor'yan, 1962; e t c . ) .  I n  1960, t h e  f irst  domestic 
electrokymograph, t h e  EKS-60, was developed i n  our  country. 

The p r i n c i p l e  of  electrokymography i s  t h a t  f l uc tua t ions  i n  the  i n t e n s i t y  
of a stream of  X rays  a r i s i n g  due t o  pulsa t ions  o f  t h e  hea r t  are converted by 
a photocel l  i n s t a l l e d  i n  t h e  path of t hese  rays  i n t o  e l e c t r i c  current  
o s c i l l a t i o n s .  
recorded by an osc i l lograph  i n  t h e  form of  a curve -- t he  electrokymogram. 

Changes i n  t h e  vol tage i n  the  c i r c u i t  of t h e  photocel l  a r e  

The device cons i s t s  o f  t h r e e  main p a r t s :  1) t h e  receiving f luoroscopic  
element, contained i n  a lead case with a rec tangular  s l i t  measuring 6 x 25" 
moved by a spec ia l  mechanism i n  t h e  f r o n t a l  plane between t h e  screen of  t h e  
X-ray apparatus and t h e  p a t i e n t ;  t h i s  t ransducer  i s  connected t o  a second 
photoce l l ,  i n s t a l l e d  d i r e c t l y  a t  t h e  X-ray tube and serv ing  t o  e l iminate  
f luc tua t ions  i n  vol tage  i n  t h e  c i r c u i t  feeding the  X-ray apparatus;  2) a 
f i l t e r ;  3) a s t r i p  c h a r t  recorder  t o  produce the  electrokymograms on photo- 
graphic f i l m  o r  paper s t r i p s  moving a t  various speeds (from 25 t o  100 mm p e r  
sec)  . 

I. 

The p o l a r i t y  of t h e  device i s  s e t  so  t h a t  an increase  i n  the  i n t e n s i t y  
of t h e  X rays  causes a drop i n  t h e  recorded curve, while a decrease i n  t h e  
i n t e n s i t y  causes t h e  curve t o  r i s e .  Consequently, an E K I  s ec to r  d i r ec t ed  
downward ind ica t e s  movement of t h e  edge of t h e  h e a r t  inward, while an 
ascending curve s e c t o r  corresponds t o  outward movement of t he  edge of t he  
h e a r t .  

The amplitude of t h e  electrokymogram does not  r e f l e c t  t h e  magnitude o f  
motion quan t i t a t ive ly ,  s i n c e  it i s  determined by a combination of many 
f a c t o r s  (operating mode of t h e  X-ray apparatus,  degree of absorption of  rays  
by t h e  p a t i e n t ,  transparency of adjacent s e c t o r s  of  lungs,  gain used i n  t h e  
device, e t c . ) .  Therefore,  although a number of suggestions have been made 
f o r  s tandard iza t ion  of  amplitudes (Ring e t  a l . ,  1949; Lissner ,  1957; 
V. V. Zaretskiy,  1959; e t c . ) ,  t he  value of t he  electrokymographic waves can 
be compared with confidence only f o r  t h e  same t e s t  subjec t  under i d e n t i c a l  
recording condi t ions.  

/279 Proper i n t e r p r e t a t i o n  of electrokymograms i s  impossible without - 
synchronous recording o f  an electrocardiogram, phonocardiogram o r  sphygmo- 
gram. 
s e l e c t i o n  of  which i s  determined by the  purpose of  t h e  inves t iga t ion  and the  
c a p a b i l i t i e s  of t h e  apparatus used. 
t h ree  electrokymograms using severa l  photoce l l s  can be used (Luisada, 
Fleischner ,  1947; Gambaccini, 1956; V. V. Zaretskiy,  1963; e t c . ) .  

The bes t  va r i an t  i s  simultaneous recording of  severa l  curves, t he  

Also, simultaneous recording of two o r  

Methodology of  electrokymography. The recording of electrokymograms i s  
performed under condi t ions of ordinary roentgenoscopy i n  t h e  standing, 
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s i t t i n g  o r  ly ing  pos i t ion .  The most convenient pos i t i on  i s  the  s i t t i n g  
pos i t i on  on a s p e c i a l  s e a t  with a support  f o r  t h e  body and extremities. 
Since t h e  s l i g h t e s t  movements of  t he  p a t i e n t  d i s t o r t  t h e  recording, t h e  
standing pos i t i on  is permitted only f o r  phys ica l ly  s t rong  persons, for 
example a t h l e t e s .  

The photocel l  t ransducer  i s  placed i n  f r o n t  of t h e  t e s t  sub jec t ,  
i n s t a l l e d  with i ts  s l i t  a t  t h e  boundary of  t he  cardiovascular  shadow and 
always perpendicular  t o  it a t  t h e  poin t  inves t iga ted ,  guided by t h e  X-ray 
screen. Due t o  t h i s  placement o f  t he  photoce l l ,  l i n e a r  movement of t h e  edge 
of  t h e  hea r t  i s  recorded i n  undis tor ted  form, with t h e  o s c i l l a t i o n s  o f  t h e  
contour not going beyond t h e  l i m i t s  of t h e  s l i t .  The speed and accuracy of 
placement of t h e  t ransducer  depends on t h e  experience of t h e  inves t iga to r  and 
is checked v i s u a l l y  by t h e  q u a l i t y  of t h e  curve'on t h e  osci l loscope.  
ampl i f ica t ion  system allows waves up t o  30-40 mm high t o  be produced, which 
g r e a t l y  exceeds t h e  he ights  of  t h e  waves on t h e  roentgenkymogram and thereby 
assures  b e t t e r  condi t ions f o r  t h e i r  ana lys i s .  
t he  brea th  held,  during.which 5-6 card iac  cycles  are continuously recorded a t  
a paper movement speed of 50-100 mm p e r  sec.  The operat ing mode of t h e  X-ray 
apparatus i s :  vol tage  60-70 kv, current  2-4 m a  with minimum diaphragm 
aper ture .  Electrokymograms a r e  recorded i n  sequence for t he  l e f t  and r i g h t  
edges of  t h e  h e a r t  on var ious sec to r s  of  t h e  v e n t r i c l e s ,  a t r ia  and l a rge  
ves se l s  around the  contour of  t h e  shadow, using t h e  roentgenological posi-  
t i o n s  (Figure 87). 
minutes, during which the  i r r a d i a t i o n  amounts t o  20-30 r, 3-5 times l e s s  than 
the  permissible  one-time dosage. 

The 

Recording i s  performed with 

The t o t a l  i nves t iga t ion  usua l ly  lasts not over f i v e  

In order  t o  represent  t h e  p r inc ipa l  (standard) leads of  t he  e l e c t r o -  
kymogram, authors  wr i t i ng  i n  the  domestic l i t e r a t u r e  have adapted t h e  
suggestion of V. V. Zaretskiy (1957). Thus, t he  f i rs t  recording of t h e  l e f t  
v e n t r i c l e  i n  t h e  a rea  of t h e  apex ( inf lux  path)  is  represented as VIS, t h e  

recording of t h e  middle por t ion  of  t he  l e f t  v e n t r i c l e  -- as V2S, the  base of 

t h e  hea r t  ( e f f lux  path)  - -  as V3S. The same recordings i n  the  first ( r i g h t )  

i nc l ined  pro jec t ion  a r e  represented a s  I - V  S,  I-V2S, e t c . ,  while i n  t h e  

second ( l e f t )  s l an ted  p ro jec t ion ,  they a r e  represented as 1 1 - V  S,  e t c .  The 
electrokymograms of t he  r i g h t  v e n t r i c l e  a r e  represented as.V D ,  V2D, e t c . ,  of  - /280 

the  a t r i a  -- as AS and AD, of  t h e  a r c  of  t h e  a o r t a  as a r c  Ao, of  t h e  
pulmonary a r t e r y  -- as AP, e t c .  

1 

1 

1 

A t  t h e  same.time as t h e  electrokymogram, t h e  same paper s t r i p  char t  i s  
used t o  record the  accompanying curves (one or several ' ) ,  f o r  which the  
corresponding t ransducers  a r e  placed over t h e  t e s t  subjec t .  
r eca l l ed  t h a t  during synchronous recording, t h e  electrokymogram is  delayed i n  r e l a t ionsh ip  t o  t h e  electrocardiogram o r  phonocardiogram by an average of 
0.02 sec as a r e s u l t  of  t he  delay of  t h e  electrical  s igna l  i n  t h e  c i r c u i t r y  
of  t h e  electrokymograph. 

I t  must be 
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A B C 
Figure 87. 
of the Heart and Large Vessels in Principal Roentgeno- 
logical positions (After Luisada). A, anterior- 
posterior position: 1, apex; 2, left ventricle, 
middle portion; 3, left ventricle, upper portion; 
4, 1ef.t auricle; 5, pulmonary artery; 6, arc of 

Points of Recording of Electrokymogrsms 

aorta; 7 
port ion; 
hilus; 1 
port ion. 
13, left 
wall; 15 

inferior vena cava; 8, right atrium, middle 
9, right atrium, upper portion; 10, right 
, vena cava superior; 12, right lung, lower 

ventricle rear wall; 14, left atrium rear 
B y  left anterior s.1anted'position: 

descending aorta; 16, right ventricle front 
wall; 17, ascending aorta.. C, right anterior slanted 
position: 7, inferior vena cava; 14, left atrium, 
rear wall; 16, right ventricle; 18, right atrium, rear 
wall 

Form o f  normal electrokymograms. Normal electrokymograms of the left 
ventricle (Figure 88, A) have the form of large waves with a long and 
smoothly ascending shank during the diastole and a shorter and more steeply 
descending hook during the systole. Directly after tone I1 o r  the T wave on 
the electrocardiogram, before the beginning of the ascending sector of the 
electrokymogram there is usually a small DEF wave - -  the "protodiastolic 
wave," reflecting the noncontractive activity of the ventricle during the 
early diastole. Point D in many cases corresponds with the beginning of 
tone I1 and corresponds to closure of the semilunar valves of the aorta, i.e. 
the end of the protodiastolic period and the beginning of isometric relax- 
ation. Opening of the mitral valve most probably corresponds to point E 
(Luisada et al., 1948; Yu. I. Akimov et al., 1962), after which the course of /281 
the curve reflects the nature of filling of the ventricle. In the area of 
the apex (influx path), filling occurs intensively from the very beginning of 
the diastole; this process predominates over the positional change of the 
heart, and the protodiastolic wave is frequently not noted. 
the heart (efflux path), on the contrary, this wave is always well expressed. 

- 

At the base of 
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Figure 88. 
i n  Persons Not Involved i n  Sports (Lef t )  and Athletes  

Electrokymograms of Ventr ic les  and Large Vessels 

( R i g h t ) .  Explanation i n  t e x t .  

On t h e  ascending shank o f  t he  electrokymogram of  the  ven t r i c l e ,  we 
d i s t ingu i sh  t h e  i n i t i a l  convex, s t eep  s e c t o r  (phase of  rap id  f i l l i n g )  and t h e  
less s teep ,  f i n a l  s e c t o r  (phase of  slow f i l l i n g ) .  However, t h i s  d i f f e r e n t i -  
a t i o n  of t h e  slow f i l l i n g  per iod is  usua l ly  poss ib l e  only on electrokymograms 
recorded near  t he  apex; at the  base of t h e  h e a r t ,  t he  course of t h e  curves i s  
more gradual,  sometimes, even concave. 
f i l l i n g  of  t he  i n f l u x  and e f f lux  pa ths  of t h e  v e n t r i c l e ,  manifested pr imar i ly  
i n  the  standing pos i t i on .  

This r e f l e c t s  t h e  varying na tu re  of 

_ _  In  t h e  prone pos i t i on ,  t hese  d i f fe rences  a r e  
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smoothed. A t  t h e  end of t h e  d i a s t o l i c  s ec to r ,  w e  f requent ly  note  a small 
wave, t he  "terminal wave," which i s  r e l a t ed  t o  the  a t r ia l  sys to l e .  

The peak of t h e  wave (point  A) usual ly  corresponds t o  t h e  beginning of 
t h e  high-frequency o s c i l l a t i o n s  of  tone I and has been i d e n t i f i e d  with 
closure of t h e  mitral  valve.  Between point  A and t h e  beginning o f  t he  main 
descent of  t he  curve i n  t h e  s y s t o l e  (point C) i n  most cases w e  see a small 
deepening AB, t h e  "pro tosys to l ic  drop," bes t  expressed a t  the  apex. It  i s  
r e l a t e d  t o  t h e  change i n  form of  the  v e n t r i c l e  during t h e  stress per iod,  
contract ion of t h e  in f lux  paths  and t h e  i n t r a v e n t r i c u l a r  movement of blood 
from t h e  in f lux  pa th  t o  t h e  e f f l u x  path (Heckmann, 1960). Completion of  t h e  
stress period and t h e  beginning of t h e  expulsion per iod i s  usua l ly  disguised 
on t h e  electrokymogram of  t h e  v e n t r i c l e  by t h e  pos i t i ona l  s h i f t  of t h e  . 
hea r t  -- i n  most cases a movement t o  t h e  l e f t  and dorsa l  ro t a t ion  o f  t h e  
longi tudinal  axis .  ' T h i s  movement r e s u l t s  i n  t h e  formation of t he  pos i t i ve  
C wave, a f t e r  which t h e  main descent of t he  electrokymogram begins. The 
beginning of expulsion can be  defined from t h e  .aor ta l  electrokymogram (see 
p. 270); i n  time, t h e  moment of  opening of  t h e  semilunar 'valves  corresponds 
most probably t o  poin t  B y  p a r t i c u l a r l y  i n  t h e  V2S lead,  which has an i n t e r -  

mediate pos i t ion  between the  blood paths .  In  t h e  area o f  t h e  base, t he  
pro tosys to l ic  drop i s  less c l e a r l y  expressed, t he  C wave is  higher ,  sometimes 
dominant, and t h e  course of t h e  curve during t h e  stress period and ear ly  
sys to l e  i s  frequent ly  ascending. This corresponds t o  deformation of  t h e  
v e n t r i c l e  and a r r i v a l  of  a volume of  blood t o  the  e f f l u x  path,  which begins 
t o  contract  l a t e r  than t h e  in f lux  path.  The medial movement through t h e  
e n t i r e  contour of t h e  v e n t r i c l e  ref lects  i t s  decrease i n  volume during the  
phase of blood expulsion. 

/283 The t i m e  i n t e r v a l  between t h e  beginning of  tone I and point  C i s  the  - 
" la ten t  time" of t h e  electrokymogram (Heckmann, 1952) . I t  frequent ly  
exceeds the  time of isometr ic  contract ion and r e f l e c t s  t he  durat ion of  
o s c i l l a t i n g  movements of t he  hea r t ,  as well  as t h e  in t r aven t r i cu la r  displace-  
ment of blood along the  blood flow paths  and, as graphic  phase analysis  of 
electrokymograms has shown (see below), i s  of important s ignif icance i n  
the  determination of t he  spec i f i c s  of the  mechanical a c t i v i t y  of t he  hea r t .  

Electrokymograms of t h e  r i g h t  v e n t r i c l e  (Figure 88, B) general ly  are 
similar i n  form, but are frequent ly  d i s t o r t e d  by t h e  inf luence of t h e  r i g h t  
atrium. 
r i g h t  contour with t h e  t e s t  subjec t  ro t a t ed  t o  the  r i g h t .  
waves of t he  r i g h t  v e n t r i c l e  are lower i n  amplitude and d i f f e r  i n  t h e i r  time 
re la t ionships  from those of t he  l e f t  ven t r i c l e .  
asynchronous contract ion of both ven t r i c l e s  with d i f fe rences  revealed by 
electrokymograms of t h e  v e n t r i c l e s  of up t o  0.03 sec. 
most frequently cont rac ts  f irst .  

"Pure" curves are usua l ly  produced i n  t h e  middle sec t ion  o f  t he  
A s  a r u l e ,  t he  

There a r e  da t a  indicat ing 

The r i g h t  v e n t r i c l e  

Electrokymograms of the  ao r t a  (Figure 88, C) recorded i n  the  area of t h e  
a o r t a l  arc, have a l l  t he  cha rac t e r i s t i c s  of t he  cen t r a l  pulse  on a sphygmo- 
gram and, when synchronized with the  electrocardiogram and phonocardiogram, 
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allow us t o  ca l cu la t e  a l l  phases of  t h e  l e f t  v e n t r i c u l a r  sys to l e .  Also, it 
must be kept i n  mind t h a t  t he  na ture  o f  movement of  t he  a o r t a  is determined 
by t h e  r e l a t ionsh ip  of  i t s  t ransverse  o r  eccen t r i c  pu lsa t ion  (expansion and 
contract ion of  t h e  wal ls)  and longi tudinal  pu lsa t ion  ( r i g i d  s t r a igh ten ing  of 
the  vesse l  during t h e  s y s t o l e  and i n c r e a s e . i n  durvature during the  d i a s t o l e ) .  
Both forms of movement change with age: 
decreases,  t he  longi tudina l  pu lsa t ion  increases  t o  compensate; the  movement 
of t he  a o r t a  as a whole thus increases , ’which causes smoothing o f  f i n e  
d e t a i l s  on the  electrokymogram ( isometr ic  wave, i nc i su re ,  e t c . ) .  These 
spec i f i c s  may make it d i f f i c u l t  t o  d i f f e r e n t i a t e  ind iv idua l  phases of t h e  
sys to l e  from the  a o r t a l  electrokymogram, bu t  they are of  d iagnos t ic  s i g n i f -  
icance.  

as t h e  e l a s t i c i t y  o f  t h e  walls 

The electrokymogram of t h e  ascending a o r t a  i s  recorded i n  t h e  second 
s l an ted  pos i t i on ,  and is  d is t inguished  by t h e  lower amplitude and consider- 
ab le  deformation r e s u l t i n g  from superimposition of  t h e  pulsa t ion  of  t h e  
super ior  vena cava or vesse l s  of t h e  lungs, which makes time ca l cu la t ions  
based on t h i s  curve q u i t e  d i f f i c u l t .  

The electrokymogram of  t he  pulmonary a r t e r y  (Figure 88, D) i s  similar i n  
general  form t o  t h e  curve fo r  t he  a r c  of t h e  ao r t a ,  but  i s  f requent ly  
reminiscent of t h e  per iphera l  pulse  curve. The r i s e  i n  the  electrokymogram 
during the  phase o f  rap id  expulsion i s  smoother and lower, and an anacro t ic  
drop i s  more frequent ;  t he  peak i s  more rounded and occurs l a t e r  i n  t h e  
sys to l e ,  and t h e  p r e d i c r o t i c  i nc i su re  i s  deeper and i s  placed nea re r  t h e  base 
l i n e ;  the  d i c r o t i c  wave is  l a rge r .  

/285 - The electrokymograms of t h e  atrium a r e  q u i t e  polymorphous s ince ,  i n  
addi t ion  t o  movements of  the  a t r i a l  walls, they r e f l e c t  t he  t r a n s f e r  puls-  
a t ion  of t he  adjacent v e n t r i c l e s  and vesse l s .  

Electrokymograms of t h e  l e f t  atrium (Figure 89, A) i n  the  d i r e c t  
pos i t i on  a r e  recorded i n  t h e  a rea  of t he  a u r i c l e  and cons is t  genera l ly  o f  
t h ree  p r inc ipa l  waves: 
d i a s t o l e .  Also, two- and four-wave curves a r e  encountered. The nonconstant 
descent A -A i n  t h e  p re sys to l e  corresponds t o  cont rac t ion  of t h e  atrium and 1 2  
ends synchronously with the  Q o r  R wave on the  electrocardiogram. During the  
s t r e s s  pe r ios  i n  t h e  v e n t r i c l e ,  we see  the  r i s e  A2-S2, which sometimes has a 

wave S r e l a t e d  t o  c losure  of t h e  mitral valve.  This s e c t o r  r e s u l t s  from 

pos i t i ona l  displacement of t h e  hea r t  and f i l l i n g  of t h e  atrium. The peak of  

t h e  second wave S 

of the  aor ta ,  while the  descending s e c t o r  S2-S3 r e s u l t s  from movement of t h e  

base of t he  v e n t r i c l e  downward toward the  apex during t h e  phase of  rap id  

expulsion. A t  po in t  S 3 ,  f i l l i n g  of  t h e  atrium becomes dominant and i t s  w a l l  

moves outward t o  po in t  S 

one i n  the  sys to l e  and two during the  a t r i a l  

1’ 

usual ly  corresponds t o  t h e  opening of  t he  semilunar valves 2 

although t h i s  movement may show waves 6’ 

265 



corresponding t o  t h e  moment of  c losure  of t h e  a o r t a l  valves .  

t h i r d  wave S 

opening of t h e  mitral  valve;  at  po in t  D 2 ,  i n  connection t o  the  low pressure 

grad ien t ,  a r r i v a l  o f  blood i n t o  the  atrium from the  pulmonary veins begins t o  
predominate over i t s  e f f l u x  i n t o  the  ven t r i c l e ,  and t h e  walls o f  t he  atrium 
move outward u n t i l  t h e  beginning of a new a t r ia l  sys to l e .  

waves are the  most constant  complex i n  t h e  a t r ia l  electrokymogram (two-wave 
curve).  

The peak of  the  

r e f l e c t s  t h e  beginning of passive emptying o f  t he  atrium a f t e r  6 

The S2 and S6 

The electrokymogram of t h e  r i g h t  atrium (Figure 89, B) can be well 
recorded i n  the  d i r e c t  pos i t i on  and general ly  repea ts  t he  form described for 
t h e  curve of t h e  l e f t  atrium. Since the  wal ls  o f  t he  r i g h t  atrium a r e  more 
movile and th inne r  than those  o f  t he  l e f t  atrium, the  amplitudes of  t h e i r  
movements a r e  somewhat g r e a t e r .  A t  t he  same time, a l e s s  expressed na ture  of 
t h e  second wave on t h e  electrokymogram of  t h e  r i g h t  atrium i s  t y p i c a l ,  s ince  
the  inf luence o f  t h e  r i g h t  v e n t r i c l e  on pulsa t ion  o f  t h e  r i g h t  atrium is 
l e s s .  There a r e  a l s o  c e r t a i n  d i f fe rences  i n  t h e  t i m e  r e l a t ionsh ips .  In 
p a r t i c u l a r ,  da ta  have been presented ind ica t ing  earlier cont rac t ion  of  t h e  
r i g h t  atrium than t h e  l e f t  (by 0.01-0.3 sec ) .  

. Graphic phase ana lys i s  o f  electrokymogram according t o  Heckmannl. 
Individual  v e n t r i c u l a r  electrokymograms g ive  no conception of the  na ture  of  
the  movements of t h e  hea r t  as a whole. Therefore,  it i s  necessary t o  record 
electrokymograms a t  s eve ra l  po in t s  on t h e  contour o f  t h e  v e n t r i c l e s  and add 
them using a spec ia l  graphic  method, which Heckmann (1952) c a l l e d  e l ec t ro -  
kymogram phase ana lys i s .  
(Figure 90) .  
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The technique of t h i s  ana lys i s  is  as follows 

Ventr icular  electrokymograms recorded with i d e n t i c a l  ampl i f ica t ion  at  
various poin ts  on t h e  contour (VIS, V2S, e tc . )  a r e  placed one beneath t h e  

o ther .  These curves a r e  synchronized using t h e  phono- o r  electrocardiograms. 
In analyzing t h e  s y s t o l e ,  t h e  corresponding electrokymogram i n t e r v a l  i s  
divided by v e r t i c a l  l i n e s  i n t o  so-ca l led  isophases.  The in t e r sec t ion  of  each 
electrokymogram with t h e  v e r t i c a l  l i n e  corresponds t o  t h e  pos i t i on  of  a given 
poin t  on the  contour at an individual  moment i n  t h e  sys.tole,  and the  d is tance  
from each i n t e r s e c t i o n  poin t  t o  a hor izonta l  l i n e  drawn through t h e  i n t e r -  
s ec t ion  of  each curve with t h e  f irst  v e r t i c a l  l i n e  r e f l e c t s  t h e  amplitude and 
d i r e c t i o n  of displacement of t he  contour i n  re la t ' ion  t o  i t s  pos i t i on  a t  t h e  
beginning o f  t h e  sys to l e ,  which is shown on a drawing of t h e  h e a r t .  On l i n e s  
drawn perpendicular t o  the .contour  of t h e  h e a r t  a t  the  po in t  of  recording o f  

We should d i f f e r e n t i a t e  phase ana lys i s  of card iac  a c t i v i t y  -(the study of 
t h e  durat ion of  t h e  phases o f  t he  card iac  cycle  and a number of i nd ica to r s  of  
cardiodynamics) and phase ana lys i s  i n  electrokymography. In  the  l a t t e r  case,  
apparently,  we might more properly speak of phase con t r a s t  o r ,  as  t he  author 
of t h i s  s ec t ion  has used, graphic  phase analysis--Ed. 
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each electrokymogram (VIS, V2S, etc.), the.amplitude of displacement of the 
corresponding curve is laid out for the individual isophases of the systole. 
By connecting the points produced on each perpendicular line at each iso- 
phase, a drawing of the total movement of the contour is.produced at each 
point through the entire systole. The same can be done for the diastole. 
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Figure 89. Electrokymogram o f  Atrium in Persons Not Involved 
in Sports (Left) and in Athletes (Right). Explanation in text. 
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Figure 90. Method o f  Graphic Phase Analysis o f  
Electrokymograms (According t o  Heckmann, 1959). 

Explanation i n  t e x t .  
r 

This type of graphic phase ana lys i s  o f  electrokymograms i s  c a l l e d  
v e r t i c a l  phase ana lys i s ,  bu t  it may a l s o  be performed i n  the  hor izonta l  
plane.  
one l eve l  ( fo r  example V2S) i n  sequence i n  t h e  d i r e c t  and s l an ted  pos i t i ons ,  

and the  graphic ana lys i s  i s  performed through an a r b i t r a r y  t ransverse  "cross 
section" of t h e  h e a r t .  Without showing t h e  t r u e  form of t h e  h e a r t  o r  value 
of  pu lsa t ion ,  phase ana lys i s  of electrokymograms does allow us t o  e s t a b l i s h  
the  beginning of  movement of  t h e  ind iv idua l  s e c t o r s  of  t he  contour, t he  
d i r ec t ion  of the  movement and t h e  r e l a t i v e  speeds. 

In  order  t o  do t h i s ,  t he  ven t r i cu la r  electrokymograms a r e  recorded a t  

Thanks t o  graphic phase ana lys i s ,  on each curve we can separa te  the  two 
main components of t he  dynamics of t he  hea r t :  
supplementary or noncontract ive movements. 
manifested i n  t h e  isometr ic  phases 6f  t h e  s y s t o l e  and d i a s t o l e .  
they can be divided i n t o  movements r e l a t e d  t o  changes i n  pos i t i on  of t he  
e n t i r e  he-art (displacement of t h e  cen te r  of  mass), r o t a t i o n  of  t h e  h e a r t  
about i t s  longi tudina l  a x i s  ahd t h e  change i n  pos i t i on  (placement) of t h e  
longi tudina l  axis i t s e l f .  

t h e  pulsa tory  and so-cal led 
These l a t t e r  movements a re  b e s t  

Generally, 

In some cases  i n  hea l thy  persons t h e r e  are no supplementary movements o f  
t h e  h e a r t ,  and the re fo re  changes i n  the  form of the  hea r t  during the  stress 
per iod  a r e  c l e a r l y  seen: 
form a t  the  end of t h e  d i a s t o l e  (Figure 91, A).  The movement of  the  edges of 
t h e  h e a r t  during t h e  s y s t o l e  r e f l e c t s  t h e  normal course of  contract ion of  t h e  
v e n t r i c u l a r  myocardium, the  inf lux  paths  cont rac t ing  first, followed by the  
e f f l u x  pa ths ,  i . e .  t he  sequence of contract ion corresponds t o  the  d i r e c t i o n  

it becomes near ly  sphe r i ca l ,  i n  p lace  of t h e  ovoid 
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of  t h e  e x c i t a t i o n  wave from t h e  apex t o  t h e  base o f  t h e  hea r t .  
above, f i l l i n g  o f  t h e  v e n t r i c l e  a l s o  occurs earlier and more r ap id ly  i n  t h e  
i n f l u x  paths.  

As was noted 

" .  .... . 
I i' 

C 
. .. . .  

Figure 91. Noncontractive Movement of Heart According t o  
Data o f  Graphic Phase Analysis of Electrokymograms. 
a t ion  i n  t e x t .  

.Explan- 

In  the  overwhelming majori ty  of heal thy persons, t he re  are noncontract- 
i ve  displacements o f  t h e  hea r t .  
effect  on the  hea r t  o f  t h e  surrounding organs (e las t ic  r e s i s t ance  and 
r e t r a c t i o n  of t h e  lungs, inf luence o f  t h e  diaphragm, e t c . ) ,  changing i n  tu rn  
as a function o f  t h e  phase of r e s p i r a t i o n  and p o s i t i o n  of t h e  body. This 
e f f e c t  appears pr imari ly  during t h e  d i a s t o l e ,  when r e l axa t ion  of t h e  myo- 
cardium is  most sub jec t  t o  t h e  inf luence of  ex te rna l  forces .  
sys to l e ,  t h e  form and p o s i t i o n  of t he  h e a r t  are determined t o  a considerable 
extent  by i t s  anatomical s t r u c t u r e  and con t r ac t ive  a b i l i t y .  The influence o f  
neighboring organs i s  less expressed and t h e  h e a r t  i s  r e l a t i v e l y  f ixed  i n  i ts  
i n i t i a l  pos i t i on .  
mentary movement o f  t h e  h e a r t  (Heckmann, 1952; V. N. Orlov, 1960; e tc . ) :  

They a r i se  as a r e s u l t  o f  t he  summary 

During t h e  

Phase ana lys i s  i nd ica t e s  t h e  following forms o f  supple- 

1. O s c i l l a t i o n - o f  t h e  e n t i r e  h e a r t  during t h e  s y s t o l e  upward toward t h e  /288 
base (Figure 91, B) .  The apex l i f t s , a w a y  from t h e  diaphragm, while t h e ,  
longi tudinal  a x i s  r o t a t e s  upward ( l a t e n t  time o f  electrokymogram lengthened 
from apex t o  base).  This type o f  movement i s  c h a r a c t e r i s t i c  f o r  persons with 
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more v e r t i c a l  pos i t i on  of t h e  h e a r t  and low l eve l  of  diaphragm -- t he  hea r t  
is af fec ted  during t h e  s y s t o l e  by t h e  downward d i r e c t e d  p u l l  o f  t h e  
idaphragm, and during the  d i a s t o l e  drops toge ther  with it. 

2.  Penetrat ion of t h e  apex i n t o  t h e  diaphragm during t h e  sys to l e  and 
r o t a t i o n  of  longi tudina l  axis of  h e a r t  downware (Figure 91, C ) .  During t h i s ,  
a sho r t  l a t e n t  time and even movement o f  t h e  e n t i r e  contour inward a r e  
observed. 
pos i t i on  o f  t he  hea r t  and high diaphragm -- cont rac t ing ,  t h e  hea r t  a c t s  
aga ins t  t he  underlying diaphragm. 

This form of  movement i s  p a r t i c u l a r l y  manifest  with t ransverse  

3 .  Movement of  t h e  e n t i r e  h e a r t  t o  t he  l e f t  during the  e a r l y  s y s t o l e  
and t o  the  r i g h t  during t h e  e a r l y  d i a s t o l e  (Figure 91, D) .  A t  t h e  same time 
as these  l a t e r a l  o s c i l l a t i o n s  (movement of t h e  center  of mass), t h e  longi- /289 
tud ina l  axis  of  t h e  h e a r t  r o t a t e s  do r sa l ly  and remains i n  the  most " t rans-  
verse" pos i t i on ,  t h e  l a t e n t  time of  t h e  electrokymograin i s  lengthened from 
base t o  apex, masking t h e  normal course o f  contract ion.  
por t ion  of t h e  sys to l e ,  v e n t r a l  r o t a t i o n  of t h e  longi tudina l  ax i s  i s  noted 
u n t i l  it i s  i n  the  s t eepes t  pos i t i on  by the  beginning of the  d i a s t o l e .  The 
movement t o  the  l e f t  i s  concealed (Heckmann, 1952) and lasts an average of 
0.06 sec.  
hea r t  and medium diaphragm l e v e l  i n  heal thy persons.  

- 

During t h e  main 

I t  i s  encountered most f requent ly  with s l an ted  pos i t i on  o f  t h e  

. The noncontractive movements of  t h e  hea r t  charac te r ize  i n d i r e c t l y  t h e  
working a b i l i t y  of  t h e  myocardium: 
regard less  of  t he  cause, including i n  cases  of pathological  hypertrophy and 
d i l a t i o n ,  they a r e  decreased considerably or dis'appear completely; a t  t he  
same time, they a r e  almost always observed. in  t h e  work o f  a heal thy h e a r t .  

i f  t h e  c o n t r a c t a b i l i t y  i s  weakened, 

Method o f  ca lcu la t ing  phases of card iac  cyc le  from t h e  electrokymogram. 
One advantage of electrokymography is  the  p o s s i b i l i t y  o f  determining the  
durat ion of t he  s y s t o l i c  and d i a s t o l i c  phases of t h e  card iac  cycle 
ind iv idua l ly  for t h e  l e f t  and r i g h t  chambers of t h e  h e a r t .  
durat ion of t h e  phases of t h e  cardiac cycleproduced from t h e  electrokymogram 
sometimes do not  correspond t o  t h e  r e s u l t s  of o ther  methods of i nves t iga t ion  
due t o  t h e  varying approach t o  t h e  de l inea t ion  of t he  various phases. 
following method f o r  time ana lys i s  of t h e  electrokymogram can be recommended. 

Data on t h e  

The 

1. Left  v e n t r i c u l a r  sys to l e :  

a) phase of  asynchronous contract ion -- i n t e r v a l  Q-I tone. 

b) phase of i somet r ic  cont rac t ion  -- i n t e r v a l  from beginning of high- 
frequency component of tone I t o  beginning o f  anacrote  on electrokymogram of 
a o r t a  (minus time cor rec t ion  f o r  propagation of  pulse  wave, which 
K. V. Chertinskiy (1963) considers t o  be equal t o  t h e  in te rva l .be tween t h e  . 
beginning af  tone I1 and the  lower poin t  of  t h e  i n c i s u r e ) ;  

c) phase o f  r ap id  expulsion -- from beginning of anacrote  o f  e l ec t ro -  
kymogram of a o r t a  t o  i t s ' p e a k ;  
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d) phase of slow expulsion -- from peak of electrokymogram of aorta to 
beginning of incisure (in cases where beginning of incisure is not 
expressed -- to lower point of incisure minus 0.035 sec, i.e. minus the 
practically constant duration'of the protodiastolic interval). 

2. Right ventricular systole: 

a) period of stress -- from Q wave to beginning of anacrote on electro- 
kymogram of pulmonary artery minus time correction for propagation of pulse 
wave (which can be calculated reliably only in cases with splitting of 
I1 tone and when, according to K. V. Chertinskiy (1963), it is equal to the 
interval between the beginning of the pulmonary component of tone I1 and the 
lower point of the incisure). The correction can be calculated as a product 
of the propagation velocity of the pulse wave in the pulmonary artery 
(I. Kh. Rabkin, E .  A. Grigor'yan, 1962) and the distance from the heart to 
the point of recording of the electrokymogram; 

- /290 

b) expulsion phase -- similar to left ventricular, except using 
electrokymogram of pulmonary artery. 

3 .  Left ventricular diastole: 

a) protodiastole -- descending shank of incisure on electrokymogram of 
aorta; 

b) phase of isometric relaxation -- from beginning of tone I1 to peak of 
last wave (point S ) on electrokymogram of 1eft.atrium or to peak of 
protodiastolic wave '(point E) on left ventricular electrokymogram, recorded 
at middle portion of its contour (V2S); 

transition of steep rise of electrokymogram of left ventricle to less steep 
final sector minus time of isometric relaxation; 

6 

c) phase of rapid filling -- from beginning of tone I1 to point of 

d) diastasis (including atrial systole) -- from point of termination of 
rapid filling phase to Q wave of electrocardiogram. 

4 .  Right ventricular diastole: 

a) protodiastole -- descending shank of incisure on electrokymogram of 
pulmonary artery; 

b) phase of isometric relaxation -- from pulmonary component of tone I1 
on electrokymogram of right atrium (or to peak of protodiastolic to point S 

wave on electrokymogram of right ventricle); 
6 

c )  filling phase -- similar to left ventricle from electrokymogram of 
right ventricle. 
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Speci f ics  of electrokymograms of a t h l e t e s .  The electrokymograms of t h e  
v e n t r i c l e s  o f  a t h l e t e s  (Figure 88, E, F), i n  connection t o  t h e  f requent ly  
observed bradycardia,  a r e  more extended i n  form with manifest  smoothing of 
waves, p a r t i c u l a r l y  i n  t h e  area o f  t he  apex of  t h e  hea r t .  Since t h e  dura- 
t i o n  o f  t h e  d i a s t o l e  is increased,  t he  m a x i m u m  expansion o f  t h e  v e n t r i c l e s  
during f i l l i n g  occurs l a t e r ,  toward the  end. On t h e  electrokymogram, t h i s  
appears i n  the  form of a hor izonta l  course of  t h e  curve during the  phase of 
slow f i l l i n g  -- t he  d i a s t o l i c  p la teau .  

In  con t r a s t  t o  t h e  curves with decreased myocardial tonus, t he  ascending 
A t  t he  same time, s e c t o r  before  the  d i a s t o l i c  p la teau  i n  a t h l e t e s  is smooth. 

t he  drop i n  t h e  electrokymogram i n  t h e  s y s t o l e  is  s t eepe r  than the  r i s e  i n  
t h e  d i a s t o l e ,  and is .comparat ively sho r t ,  r e f l e c t i n g  t h e  a c t i v e  movement o f  
t he  w a l l  of t he  h e a r t  during t h e  per iod of  cont rac t ion .  
t h a t  t h e  p ro tosys to l i c  drop is  c l e a r l y  seen, as w e l l  as t h e  p r o t o d i a s t o l i c  
wave on t h e  electrokymogram of a t h l e t e s .  
supplementary movements of  t he  hea r t .  

I t  i s  c h a r a c t e r i s t i c  

This i nd ica t e s  t h e  presence of  /291 

The l a t e n t  t i m e  of t h e  electrokymograms of a t h l e t e s '  v e n t r i c l e s  c 

genera l ly  increases  from t h e  base t o  t h e  apex, f requent ly  reaching 
0.10-0.12 sec  i n  t h e  a rea  of t h e  apex, which i s  not iceably  g r e a t e r  than t h e  
value of t h i s  i nd ica to r  f o r  nonathletes .  
i somet r ic  phase of  t h e  sys to le ,  which i s  c h a r a c t e r i s t i c  of  t r a ined  a t h l e t e s ,  
t h i s  i s  explained f requent ly  by the  more c l e a r l y  expressed s y s t o l i c  
o s c i l l a t i o n s  of t he  e n t i r e  hea r t  t o  t h e  l e f t .  Also, i n  many cases an 
increase  i n  t h e  l a t e n t  time from the  apex t o  the  base is  observed, i .e .  a 
normal sequence of  movement of t h e  contour, not  d i s t o r t e d  by pos i t i ona l  
changes of  t h e  hea r t .  Comparatively frequent ly ,  graphic  phase ana lys i s  o f  
t he  movements of  t h e  contour i n  a t h l e t e s  shows i n t r a v e n t r i c u l a r  displacement 
of a la rge  quant i ty  of r e s idua l  blood from t h e  in f lux  path t o  the  e f f l u x  
path.  

In  addi t ion  t o  elongation of t h e  

Along t h e  r i g h t  contour of t he  h e a r t  i n  t h e  d i r e c t  pos i t i on  i n  a t h l e t e s ,  
r i g h t  v e n t r i c u l a r  electrokymograms a r e  recorded s i g n i f i c a n t l y  more f requent ly  
f o r  a t h l e t e s  than f o r  nonathletes ,  and a r e  noted over a longer d is tance  from 
t h e  diaphragm; t h e  electrokymogram of t h e  r i g h t  atrium f requent ly  is  
dominated by the  v e n t r i c u l a r  component. The s p e c i f i c s  a r e  seen pr imar i ly  
i n  a t h l e t e s  t r a ined  f o r  endurance. In  many such cases, t h e  l a t e n t  time of 
t h e  electrokymogram for  t h e  r i g h t  contour is  increased,  corresponding t o  
s y s t o l i c  o s c i l l a t i o n  of t he  h e a r t  t o  t he  r i g h t  i n  connection t o  the  predom- 
inant  enlargement of t h e  r i g h t  v e n t r i c l e .  

The amplitude of t h e  electrokymographic waves i n  a t h l e t e s ,  as i n  
persons not  involved i n  spo r t s ,  increases  from.the base of  t he  hea r t  t o  t he  
apex. 
roentgenkymogram and da ta  from electrokymography i s  not  observed. 

Para l le l i sm between types of pu lsa t ion  (Stumpf, 1936) on the  

,Electrokymograms of t h e  vesse ls  of a t h l e t e s  (see Figure 88, 6, H) a r e  
dis t inguished by the  s t e e p  ascent  and s t r a i g h t  course o f  t h e  curves during 
t h e  phase of rap id  expulsion, and frequent ly  by increased amplitude. .This is  
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p a r t i c u l a r l y  true when t h e  electrokymogram is  recorded i n  t h e  v e r t i c a l  
pos i t i on  and ind ica t e s  t h e  high r a t e  of movement o f  t he  wal ls  of  t he  vesse ls  
due t o  the  increased cont rac t ive  power. 
anacrote  of  t h e  electrokymogram of t h e  ves se l s  and the  v e r t i c a l  (Linko 
e t  a l . ,  1958), when compared with t h e  same persons,  is  genera l ly  lower on t h e  
a o r t a  than on t h e  pulmonary a r t e r y .  In  ind iv idua l  cases ,  the  electrokymo- 
grams of a t h l e t e s  show t h e  reverse  r e l a t ionsh ip ,  which may be an i n d i r e c t  
r e f l e c t i o n  of increased a c t i v i t y  of  t h e  r i g h t  v e n t r i c l e .  

The "expulsion angle" between t h e  

With manifest  bradycardia,  t h e  decrease i n  t h e  volume of  t h e  a o r t a  and 
pulmonary a r t e r y  as a r e s u l t  of t h e  e f f l u x  o f  blood t o  t h e  per iphery is  
f requent ly  terminated long before  t h e  end o f  t h e  d i a s t o l e .  A s  a r e s u l t  o f  /292 
t h i s ,  the  f i n a l  s e c t o r  of  t he  electrokymogram of t h e  ves se l  corresponds t o  
t h e  i s o l i n e  ( d i a s t o l i c  p l a t eau ) .  On electrokymograms of  ves se l s  i n  
a t h l e t e s ,  t h e  isometr ic  waive i s  a l s o  f requent ly  well  expressed, with a c l e a r  
depression before  the  anac ro t i c  u p l i f t ,  which i s  r e l a t e d  t o  reinforcement of 
t h e  displacement o f  t he  vesse l  under t h e  inf luence o f  supplementary movements 
o f  t h e  hypertrophic v e n t r i c l e  during t h e  s t r e s s  per iod.  

The electrokymogram of t h e  atrium of a t h l e t e s  (Figure 89, C ,  D) i s  
d is t inguished  by c e r t a i n  d e t a i l s  which r e f l e c t  t he  increased inf luence of  t h e  
mechanical a c t i v i t y  of  t h e  v e n t r i c l e s .  F i r s t  of a l l ,  t h i s  i s  t r u e  of  t he  
increase  i n  e l eva t ion  of curves during i sometr ic  ocnt rac t ion  of  t he  
v e n t r i c l e  ( sec to r  A2-S2), r e l a t e d  t o  the  change i n  form and pos i t i on  of  t he  

hea r t .  

gram of t h e  atrium during t h e  expulsion phase ( S 2 - S 3 )  i s  usua l ly  increased i n  

amplitude and durat ion,  which i n d i r e c t l y  charac te r izes  the  force  of  t h e  
contract ion of t he  v e n t r i c l e .  The dura t ion  of t he  a t r ia l  sys to l e  i n  a t h l e t e s  
is  s h o r t e r  than the  norm (averaging 0.05 s e c ) ,  so t h a t  t he  p re sys to l i c  drop 
A -A is  usua l ly  weakly expressed. A t  t h e  same time, t he  drop i n  the  
electrokymogram of t h e  atrium during t h e  phase of  rap id  f i l l i n g  of t h e  
v e n t r i c l e  (S -D ) is  always deep and s teep ,  while t he  ascent of t h e  curve 

D2-A1 during the  phase of d i a s t a s i s  i s  longer i n  connection t o  t h e  slower 

rhythm . 

In many cases ,  peak S2 i s  dominant. The descent of t h e  electrokymo- 

1 2  

6 2  

I t  should be noted t h a t  i n  individual  cases  t h e  electrokymogram of t h e  
l e f t  atrium of  a t h l e t e s  shows a r egurg i t a t ion  wave as a r e s u l t  of r e l a t i v e  
insuf f ic iency  o f  t he  mitral valve as the  v e n t r i c u l a r  cav i ty  i s  s t re tched .  
The r egurg i t a t ion  wave is  narrow and high, s ince  t h e  def ic iency i s  not  g rea t ,  
and t h e  force  o f  t he  cont rac t ion  o f  the  v e n t r i c l e  i s  high (see Figure 89, E ) .  

During graphic  phase ana lys i s  of electrokymograms of a t h l e t e s ,  t h e  same 
types of noncontract ive movements a r e  seen as i n  nonathletes .  
increase  i n  general  and segment dimensions of  t h e  h e a r t  f requent ly  seen i n  
a t h l e t e s  r e s u l t s  i n  c e r t a i n  s p e c i f i c s  o f  t h e  mechanical a c t i v i t y .  
be noted t h a t  even i n  cases  with considerable  enlargement of t h e  hea r t ,  t he  
sumlementarv movements i n  a t h l e t e s  are penera l lv  re ta ined .  This i s  

However, t h e  

I t  should 

273 



11111 ll1l1l111 ll111lll1 I I IIIlll1lll1111ll11l I 1  I ll11l1l11l I lll111ll11ll111l11ll11l11lIIlI IIIIII I I I 1  

confirmed by t h e  fact t h a t  with phys io logica l ly  "regulative" enlargement of 
t h e  hea r t  (Reindell  e t  a l . ,  1960), t h e  con t r ac t ive  capab i l i t y  of t h e  
myocardium i s  not  decreased. 

Most f requent ly  i n  a t h l e t e s ,  as i n  those hea l thy  persons not  involved 
i n  spo r t s ,  s y s t o l i c  o s c i l l a t i o n  of  t h e  hea r t  t o  t he  l e f t  occurs at  t h e  same 
time as dorsal  r o t a t i o n  o f  i t s  longi tudina l  axis. In  a t h l e t e s ,  however, t h i s  
movement i s  more sharp ly  expressed and lasts considerably longer;  t h e  l a t e n t  
time o f  t h e  electrokymogram of t h e  l e f t  v e n t r i c l e  is  correspondingly 
considerably increased,  p a r t i c u l a r l y  i n  t h e  area of  t h e  apex, and a l s o  t h e  
r e a r  wall when recorded i n  t h e  second s l an ted  pos i t i on .  During roentgeno- 
log ica l  examination i n  these  cases,  w e  can usua l ly  see  enlargement of t h e  
hea r t  due t o  p r e f e r e n t i a l  hypertrophy and tonogenic d i l a t i o n  of t h e  l e f t  
v e n t r i c l e ,  causing reinforcement of  t h e  o s c i l l a t i o n s  t o  t h e  l e f t  i n  the  e a r l y  
sys to l e .  In many cases ,  s y s t o l i c  o s c i l l a t i o n  o f  t h e  hea r t  t o  t h e  r i g h t  i s  
noted, which i s  gene ra l ly  not seen i n  hea l thy  persons (Heckmann, 1952). In  
a t h l e t e s  i n  t h i s  case,  we usua l ly  see  t o t a l  enlargement of t h e  h e a r t ,  
p r i n c i p a l l y  o f  t h e  t ransverse  dimension, with p a r t i c u l a r  hypertrophy and 
d i l a t i o n  o f  t h e  r i g h t  v e n t r i c l e .  
encounter changes i n  the  normal course of t he  curves and o the r  va r i a t ions  i n  
t h e  s t a t e  of  t h e  hea r t .  

/293 

Among these  persons, we more f requent ly  

Frequently, with s i g n i f i c a n t  enlargement of t h e  h e a r t  i n  a t h l e t e s  
graphic  phase ana lys i s  of v e n t r i c u l a r  electrokymograms shows a c h a r a c t e r i s t i c  
p i c t u r e  of i n t r a v e n t r i c u l a r  displacement of  a l a r g e  quant i ty  of r e s idua l  
blood (Figure 92). 

After physical  loading (Ya. G.  Ablov, 1961) i n  a t h l e t e s  (Figure 93) i n  - /295 
most cases  t h e  amplitude of t h e  waves increases  s i g n i f i c a n t l y .  
p a r t i c u l a r l y  seen on t h e  electrokymograms of  t he  v e n t r i c l e s  a t  the  apex of  
t h e  electrokymograms of  t h e  l a rge  ves se l s .  
decrease i n  t h e  "expulsion angle. ' '  
powerful cont rac t ion  of t h e  v e n t r i c l e s .  

This i s  

On t h e  l a t t e r ,  we a l s o  see  a 
These c h a r a c t e r i s t i c s  i nd ica t e  more 

The change i n  the  na ture  of t he  a c t i v i t y  o f  t h e  v e n t r i c l e s  with adequate 
r eac t ion  t o  loading i s  r e f l e c t e d  i n  t h e  form of  the  electrokymogram i n  t h a t  
t h e  waves become sharper ,  t he  course of t he  ascending and descending s e c t o r s  
becomes s t eepe r  and s t r a i g h t e r ,  t h e  d i a s t o l i c  p l a t eau  disappears,  and 
and c e r t a i n  d e t a i l s  a r e  smoothed. Osc i l l a t ions  o f  t h e  hea r t  r e t a i n  t h e i r  
na ture  and d i r ec t ion ,  although they increase  s i g n i f i c a n t l y  i n  amplitude, . 

ve loc i ty  and durat ion.  
v e n t r i c l e s  show a supplementary wave of small amplitude a t  t h e  end of t h e  
phase of rap id  expulsion, t he  o r i g i n  of which i s  similar t o  tone I11 of t h e  
hear t  ( K .  V. Chernetskiy, 1963). Differences are re ta ined  i n  t h e  na ture  of 
t he  curves of t h e  paths  of  i n f lux  and e f f lux  o f  t he  v e n t r i c l e s .  

In a number of  cases t h e  electrokymograms o f  t h e  
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Figure 92. lnt raventr icu 
D i  l a t  i o n  o f  Heart 

a r  Displacement o f  Blood Dur 
(Master o f  Sports  V-v) 

The s p e c i f i c s  of t h e  electrokymograms of a t h l e t e s  during f a t igue ,  over- 
t r a i n i n g  or over s t r e s s  have not yet been s tudied .  
(Ya. G.  Ablov, 1964) on the  changes i n  curves sometimes encountered i n  
a t h l e t e s  with manifest  enlargement of t he  h e a r t ,  r e l a t e d  t o  in tens ive  
t r a i n i n g  f o r  endurance (type I11 l l spor t s  hear t"  of  S .  P. Letunov and 
R. Ye. Motylyanskaya, 1948). The deviat ions of electrokymograms i n  these  
cases a r e  not  sharply expressed and i n  general  can be equated t o  changes of 
s t age  I ,  described by V. N. Orlov (1961). 

We have only da t a  
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Figure 93. 
Physical Loading. 

Electrokymograms o f  Athletes Before and Af te r  
A ,  Apex of hear t ;  B ,  Aorta; C ,  pulmonary a r t e r y  
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Figure 94. Change i n  Electrokymograms i n  Athletes Upon Decrease 
i n  Tonus and Dilat ion (A )  and Weakening o f  Contrac tab i l i ty  o f  

Myoca rd i um (B)  

They include: /296 

. 1) very s t eep  and shor t  d i a s t o l i c  r i s e  of curve with subsequent p la teau  
and decrease i n  amplitude of  electrokymogram a t  apex i n  comparison with base 
of h e a r t .  These curves r e f l e c t  considerable d i l a t i o n  and decrease i n  tonus 
of i n f lux  path,  expansion of  r e s idua l  blood t o  the  ex ten t  t h a t  the  increase 
i n  volume i n  the  d i a s t o l e  occurs p r i n c i p a l l y  a t  t he  base of t h e  hea r t ,  i . e .  a 
p i c t u r e  i s  observed which i s  t h e  reverse  of  a hea l thy  hea r t  (graphic phase 
ana lys i s  of  t h i s  case shown i n  Figure 94, A); 

2) l a t e r  beginning o f  medial movement i n  a rea  of  apex ( l a t en t  time from /297 
0.12 t o  0.16 sec ) .  Here, we observe an extended increase  i n  volume i n  the  
sys to l e  a t  t h e  apex, which cannot be r e l a t e d  t o  o s c i l l a t i o n  t o  the  l e f t ;  the  
reason f o r  t h i s  i s  a l s o  d i l a t i o n  of the  v e n t r i c l e  and insuf f ic iency  of 
i n f lux  path,  which delays t r a n s f e r  o f  blood t o  e f f l u x  path,  s ince  the  i n t r a -  
ven t r i cu la r  pressure  i s  not  immediately overcome; 

3)  reverse  movements i n  the  s y s t o l e  and d i a s t o l e .  In  graphic  phase 
ana lys i s ,  these  cases  (Figure 94, 'B) show crossing of  t he  intermediate  
isophases,  r e f l e c t i n g  noncorrespondence of s t r e s s  of  ind iv idua l  sec tors  of  
t h e  myocardium t o  the  changing i n t r a v e n t r i c u l a r  pressure ;  

' 4 )  abnormally high p r o t o d i a s t o l i c  wave as a r e s u l t  of re inforced 
o s c i l l a t i o n s  of t h e  h e a r t .  
wave on the  electrokymogram a f t e r  physical  s t r e s s .  

Figure 95, A shows a case of appearance of such a 

I t  should be noted t h a t  t hese  changes i n  the  form of  t h e  electrokymogram 
i n  a t h l e t e s  may be observed with no o the r  i nd ica to r s  o f  a decrease i n  the  
funct ional  capaci ty  of t h e  h e a r t  according t o  the  da t a  of combined examin- 
a t ion .  
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Figure 95. Change i n  Electrokymograms o f  Athletes. A ,  rein- 
forced o s c i l l a t i o n s  o f  hea r t ;  B ,  over t ra in ing  

With manifest f a t i g u r  o r  over t ra in ing  i n  a t h l e t e s ,  according t o  some 
observations,  t he  electrokymographic curves become the  same throughout t h e  
e n t i r e  contour of t he  v e n t r i c l e s ,  t h e i r  form being rounded i n  the  form of a 
b e l l ,  t h e  amplitude decreased, t h e  l a t e n t  time of t h e  electrokymogram 
shortened, t r a n s i t i o n s  and small waves being smoothed. A l l  of  these  char- 
a c t e r i s t i c s  r e f l e c t  expansion of t h e  ven t r i c l e s ,  a decrease i n  t h e i r  tonus 
and cont rac t ive  capac i ty  (Figure 95, B ) .  

Teleroentgenography 

In recent  years ,  Nylin (1957), Musshoff (1955), Reindell  (1950), 
Medved (1963) and o the r s  have demonstrated t h e  importance of t h e  inves t iga-  
t i o n  of the  volume of t h e  human h e a r t .  
volume of t h e  h e a r t  on a number of parameters has been es tab l i shed ,  and, 

In  these  works, t h e  dependence of t he  
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which is p a r t i c u l a r l y  important f o r  s p o r t s  medicine, t h i s  dependence on t h e  
spo r t s  spec ia l ty  and s t a t e  o f  t r a i n i n g  of  t he  t e s t  sub jec t s  has been c l e a r l y  
shown. 

The first attempts t o  determine the  dimensions of  t h e  hea r t  by roentgen- 
o log ica l  methods were made a t  t h e  beginning of  t he  twent ie th  century 
(Moritz, 1902). However; roentgenography was found promising f o r  t he  
determination o f  t h e  volume f o  t h e  hea r t  only a f t e r  Kel le r  i n  1905 suggested 
teleroentgenography. This method cons i s t s  o f  t he  production of  p i c t u r e s  with 
a d is tance  from tube t o  c a s s e t t e  o f  2-2.5 m. With t h i s  method, it i s  assumed 
t h a t  t he  X rays  "move i n  pa ra l l e l " ,  and the  p i c t u r e  shows hea r t  dimensions /298 
which a r e  near  accurate ,  i . e .  no pro jec t ion  magnification occurs.  

- 

Techniques o f  teleroentgenographic ca l cu la t ion  of heart  volume. Tele- 
roentgenograms o f  t he  h e a r t  can be made with t h e  domestic type RUM-5 X-ray 
apparatus.  In order  t o  determine the  volume of  t h e  h e a r t ,  we must t a k e  t h e  
teleroentgenograms i n  the  f r o n t a l  and s a g i t t a l  planes.  Before beginning t o  
t o  make the  p i c tu re s ,  we must s t r i c t l y  cen te r  and r e l i a b l y  f i x  the  X-ray 
tube. 
t h e  t e s t  subjec t .  
on the  f i l l i n g  of  thechear t .  
dimensions of t h e  h e a r t  during dynamic observat ions of t h e  same person 
(Musshoff , Reindel l ,  Schmidt, 1960). 

The p i c t u r e s  a r e  made both i n  the  v e r t i c a l  and hor izonta l  pos i t i on  o f  
The "lying" pos i t i on  e l imina tes  t h e  o r t h o s t a t i c  inf luence 

This pos i t i on  makes it poss ib le  t o  compare the  

Af te r  t he  t e s t  subjec t  i s  placed on t h e  t a b l e ,  t he  X-ray tube i s  aimed 
a t  the  a rea  of t h e  hea r t .  
p i c tu re s  a r e  produced a t  t h e  X-ray tube is  pointed at  t he  cen te r  of  t he  ches t  
( a t  the  l eve l  of r i b  111) with a f r o n t a l  p i c t u r  and at  l i n .  a x i l l a r i s  media 
f o r  a s a g i t t a l  p i c tu re .  
away from t h e  t e s t  subjec t .  Some authors  recommend t h a t  t h e  tube be moved 
t o  3-4 m. However, . in  p r a c t i c e ,  s u f f i c i e n t l y  accurate  da t a  a r e  produced a t  a 
d is tance  of 2 m. Moving t h e  tube back t o  2 m allows p i c t u r e s  t o  be made with 
lower vol tage and cur ren t  than i f  the  tube i s  moved back t o  3-4 m .  This 
decreases the  i r r a d i a t i o n  of t he  t e s t  subjec t  and prevents  rap id  d e t e r i o r -  
a t ion  of  t h e  X-ray tube.  

I t  has been es tab l i shed  i n  p r a c t i c e  t h a t  t he  bes t  

A f t e r  t he  tube i s  thus aimed, it i s  moved 2 m 

Method o f  ca lcu la t ion  o f  hear t  volume. The hea r t  i s  an i r r e g u l a r  geo- 
metr ic  f igu re ,  so t h a t  the  determination of i t s  volume cannot be performed 
e a s i l y  using formulas f o r  proper geometric bod.ies. 
var ious cor rec t ing  constants  t o  these  formulas, they do allow us t o  c a l c u l a t e  
t he  volume of t h e  h e a r t  with a low percentage of  e r r o r .  

However, i f  we introduce 

Several  formulas are ava i l ab le  f o r  ca l cu la t ion  o f  hear t  volume. They 
a r e  a l l  based on a d e f i n i t i o n  of t he  f r o n t a l  a r ea  of  t h e  hea r t  using t h e  
"Moritz rectangle" on t h e  f r o n t a l  p i c t u r e  and t h e  t ransverse  "deep diameter" 
of the  hea r t  on the  s a g i t t a l  p i c tu re .  The products of  these  parameters allow 
us to ca lcu la t e  t he  volume of t h e  hear t .  
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Figure 96. Diagram o f  Measure- 
ment o f  Area o f  Heart in Anter- 
ior  Project ion U s i n g  " R i g h t  
Angle" Method (After  
V .  V .  Zodiyev) .  Long l i n e  of 
hear t  CD serves  a s  base f o r  
rectangle  CABD. Height o f  
rectangle  consists o f  two 
sectors : 
equal t o  
hea r t  Q. 

height  is t h e  
sponds t o  CD, 

The a rea  

UQ and oQ, i.e. 
s lan ted  diameter of 

i nc l ined  diameter of the  
b -- Q). 

The "Moritz rectangle"  gives  us 
t h e  a r b i t r a r y  a rea  of  t he  h e a r t .  
Construction of t h i s  rec tangle  i s  
performed as follows (Figure 96). 
Using a roentgenogram, a l i n e  i s  
drawn through t h e  inc l ined  diameter 
o f  t h e  h e a r t .  In  order  t o  determine 
t h i s  l i n e ,  t h e  r i g h t  a t r iobasa l  
angle  i s  connected by a s t r a i g h t  
l i n e  t o  the  po in t  of  contact  of  t he  
apex of t h e  h e a r t  and t h e  diaphragm. 
The inc l ined  diameter i s  determined 
by dropping two perpendiculars  from 
the  l e f t  a t r i o b a s a l  angle and from 
t h e  po in t  of  contact  of  t h e  r i g h t  
contour of the  h e a r t  with the  
diaphragm t o  t h e  long l i n e  through 
t h e  hea r t .  The sum of  these  
perpendiculars  i s  t h e  inc l ined  
diameter of t h e  hea r t .  Then, tQo 
perpendiculars  are once more drawn 
from t h e  long l i n e  of t he  hea r t  t o  a 
length equal t o  the  inc l ined  
diameter of  the  hea r t .  The ends of  
t h e  perpendiculars  are connected 
with a s t r a i g h t  l i n e  p a r a l l e l  t o  and 
equal i n  length t o  t h e  long l i n e  
through the  hea r t .  
thus  produced, whose base i s  the  
long l i n e  of t he  h e a r t  2,  and whose 

hear t  -- b (on Figure 96, 2 corre-  

I__ /299 

A rec tangle  i s  

of t h e  rec tangle  thus  produced (S) ,  equal t o  t h e  product of 
t h e  base times t h e  he ight ,  i . e .  Z*b , - i s  taken approximately a s  t he  f r o n t a l  
area of t h e  h e a r t .  Since t h e  h e a r t  i s  sphe r i ca l ,  a co r rec t ing  coe f f i c i en t  of 
0.75 is  introduced, decreasing t h e  e r r o r  i n  ca l cu la t ion  o f  t h e  a rea  of  t h e  
h e a r t ,  Thus: S = 0.75.Z.b. 

Then, t h e  "deep diameter" of t h e  h e a r t  t i s  determined on t h e  s a g i t t a l  
p i c t u r e  (see below). 
t h e  volume of t h e  h e a r t  using t h e  formula. 

Thus, after determining 2, b .and t ,  we can determine 

Rohrer (1916) a t  f i rs t  included t as  t h e  absolute  f r o n t  t o  r e a r  diameter 
of t h e  hea r t .  
t h e  f u r t h e s t  po in t s  o f  t h e  a n t e r i o r  and p o s t e r i o r  contours of  the  hea r t  t o  
i t s  diagonal.  . The diagonal was t h e  d is tance  from t h e  pulmonary a r t e r y  t o  t h e  
peak o f  t h e  angle  formed by t.he thorax and the  diaphragm. 

This diameter was t h e  sum of  two perpendiculars  dropped from 
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Rohrer's formula i s  as follows: 

\/ ; ' o+(\rJ/. ! I .  i, 
(57) 

where 0.63 i s  a cor rec t ing  c o e f f i c i e n t ,  t h e  value of  which was produced as an 
average between 0.59 (constant f o r  a paraboloid) and 0.66 (constant f o r  an 
e l l i p s o i d  of  r o t a t i o n ) .  Kahlstorf (1932) made a cor rec t ion  i n  t h i s  formula 
t o  t h e  value of  t which he represented as tma (the deepest diameter of t h e  

For its determination, t h e  two f u r t h e s t  po in ts  on the  a n t e r i o r  and 
p o s t e r i o r  sur faces  of  t h e  hea r t  a r e  connectedon the  lateral p i c tu re .  
determination of t,,, i n  t h e  opinion of t h e  author,  y i e lds  l e s s  e r r o r  i n  t h e  ,300 

the  ca l cu la t ion  of  t he  volume of  t h e  hea r t  than Rohrer's formula. Subse- 
quently,  more p r a c t i c a l  use has been made of  t he  Rohrer-Kahlstorf formula: 

' h e a r t ) .  
The 

_c 

The formulas o f  o the r  authors  d i f f e r  i n  t h e i r  varying coe f f i c i en t s .  

In the  teleroentgenographic method, t h e  Rohrer-Kahlstorf formula has 
been modified by Musshoff and Reindell  (1956), who, considering the  d is tance  
from t h e  tube t o  t h e  p a t i e n t ,  i . e .  2 m, converted t h i s  formula as follows: 

The value of  t he  e r r o r  i n  ca l cu la t ions  using t h i s  formula, i n  comparison 
t o  the  inves t iga t ions  by cardiometry, i s  l e s s  than 5% (Reindell  e t  a l . ,  
1960). 

Zdansky (1949) composed a spec ia l  t a b l e  f o r  determination of t he  hea r t  
volume. In order  t o  use t h i s  t a b l e ,  it i s  s u f f i c i e n t  t o  determine t h e  
t ransverse  diameter of  t h e  h e a r t  and the  deepest diameter of t h e  h e a r t .  

A t  t h e  present  time, only t h e  d i a s t o l i c  volume of  t he  hea r t  has usua l ly  
been inves t iga ted .  With t h e  development of  phasing devices,  it became 
poss ib l e  t o  p e r f o G . d i f f e r e n t i a 1  s y s t o l i c - d i a s t o l i c  ana lys i s  of hea r t  
volumes . 

The usage of phasing devices i n  roentgenology began r a t h e r  r ecen t ly  
'(Noble, 1955; A. N. Medelyanovskiy, 1963; e t c . ) .  The p r inc ip l e  of operat ion 
of  t hese  devices i s  t h a t  they connect var ious inves t iga t ive  apparatus a t  a 
predetermined phase of t h e  card iac  cycle .  This is performed using the  R wave 
of  t h e  electrocardiogram as an a r b i t r a r y  mark ind ica t ing  the  beginning of  t h e  
card iac  cycle. In  correspondence with t h e  program used, t h e  X-ray apparatus  
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i s  connected i n  r e l a t i o n  t o  t h e  pos i t i on  of t he  R wave on the  e lec t rocard io-  
tram a f t e r  a c e r t a i n  per iod of  t i m e ,  corresponding t o  var ious phases of t he  
card iac  cycle .  A t  t he  present  t ime, a s tandard device has been developed i n  
the  USSR for t hese  purposes -- t h e  "Fazorentgenokardiograf-61." 

In  order  t o  study t h e  "sports  hear t , "  it i s  expedient t o  combine t h e  
The usage of  teleroentgenocardiography and phased roentgenocardiography. 

connection o f  t h e  teleroentgenocardiograph and production of p i c tu re s  from 
2 m d i s tance  i s  performed during the  p r o t o d i a s t o l i c  i n t e r v a l  and a f t e r  t h e  
atrial  sys to l e .  

In  t h e  first case,  t h e  f i n a l  s y s t o l i c  volume i s  recorded, while i n  the  
second p lace  the  f i n a l  d i a s t o l i c  volume i s  recorded. 

In  order  t o  determine t h e  time f o r  connection of  t he  X-ray apparatus i n  
r e l a t i o n  t o  t h e  beginning of t h e  R wave of t h e  electrocardiogram, poly- 
cardiograms a r e  recorded f o r  t h e  tes t  sub jec t s  (synchronous recording of  
electrocardiogram,'phonocardiogram and sphygmogram). 
an ana lys i s  i s  made i n  each concrete  case of t h e  phase s t r u c t u r e  of  t he  
s t r u c t u r e  of t h e  card iac  cycle  and the  time between t h e  R wave on t h e  
electrocardiogram and t h e  corresponding phases of  t h e  ca rd iac  cycle  i s  
ca lcu la ted .  On t h e  bas i s  o f  these recordings,  t h e  operat ion of  t he  phased 
roentgenocardiograph i s  programmed so t h a t  diplograms of t he  f r o n t a l  and 
sagit tal  dimensions of t h e  h e a r t  a r e  recorded. These diplograms can be used 
t o  c a l c u l a t e  t he  long l i n e  of the  hea r t  during t h e  sys to l e  (Zs) and d i a s t o l e  

(2  ), t h e  t ransverse  dimension of  t he  hea r t  during t h e  s y s t o l e  (b,) and 

d i a s t o l e  (bd) on the  a n t e r i o r  p i c t u r e  and t h e  t r ansve r se  diameter of t he  

h e a r t  during t h e  dydtole  (t,) and d i a s t o l e  (t,) i n  t h e  l a t e r a l  p i c tu re .  On 

t h e  b a s i s  o f  t hese  da ta ,  we can ca l cu la t e  t he  f i n a l  s y s t o l i c  (Vs) and f i n a l  

d i a s t o l i c  (V ) volumes of  t he  h e a r t  using t h e  following formulas: d 

Based on these  curves,  
/301 - 

d 

An important advantage'of phased roentgenocardiographic inves t iga t ion  i s  
t h e  sharp decrease i n  i r r a d i a t i o n  of t he  t e s t  sub jec t ,  s ince  t h e  time of 
i nves t iga t ion  i s  reduced t o  t h e  minimum time for a given X-ray apparatus.  

Invest igat ion o f  the  volume o f  t h e  hear t  i n  a t h l e t e s .  Various types of 
s p o r t s  p lace  var ious demands on t h e  organism. This i s  r e f l e c t e d  i n  t h e  
volume of t h e  hea r t s  i n  a t h l e t e s  of var ious s p e c i a l t i e s .  Thus, according t o  
Reindell  and Frisch (1960), as i n  our observat ions,  an increase  i n  t h e  volume 
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volume of t h e  hea r t  occurs i n  types of spo r t s  based on long and in tens ive  
physical loads (Table 21). 

10,2 
12,5 

T A B L E  21. D E P E N D E N C E  OF HEART VOLUME ON TYPE OF SPORTS 
( A U T H O R '  s DATA) 

445 
470 

- 
1 1Relative values of  heart  

Type  o f  spor t s  

Heavy a t h l e t i c s  
Sprinting 
Walking, marathon 

runn i ng 
B i c y c l i n g  (long 

dis tance r aces )  
Untrained men 

Vol ume o f  
hear t  

846 
870 

970 

1030 
775 

1425 I 535 

550 
1 4 7 2  1 1 , 4  1 430 

Tr. Note: Commas indicate  decimal points .  

The volume of t he  hea r t  depends a l so  on t h e  weight and height of t he  
person. Therefore, i n  order  t o  leve l  out individual  influences o f  these  
anthropometric quan t i t i e s  on the  volume of t h e  hea r t ,  the  volume i s  expressed 
i n  r e l a t i v e  quan t i t i e s .  The f i rs t  such r e l a t i v e  quant i ty  w e  s h a l l  cal l  t he  
Reindell coe f f i c i en t  (Q ), produced by dividing the  volume of t h e  hear t  ( i n  R 
cm3) by the  body weight ( i n  kg). The second r e l a t i v e  quant i ty  i s  the  Nylin 
coef f ic ien t  (Q ) --  t he  quot ient  from the  d iv is ion  of t h e  volume of t he  hea r t  

( i n  cm3) by t h e  a rea  of the  body surface ( in  m2). 
N 

Musshoff e t  a l .  (1959) es tab l i shed  t h e  in t e r r e l a t ionsh ip  between the  
blood volume per  beat  during physical work a t  high r a t e s  and the  i n i t i a l  
volume of t he  heart: Under these  condi t ions,  t he  g rea t e s t  volume p e r  beat  i s  
observed i n  persons with g.r,e,atest i n i t i a l  hea r t  volume. Similar  i n t e r r e l a -  
t ionships  were noted between the  volume of the  hea r t  and the  blood volume pe r  
minute, recQrded during work. The increase  i n  t h e  blood volumes pe r  minute 
and per  beat during work are higher,  t h e  g rea t e r  t h e  i n i t i a l  volume of  t he  
hear t .  

Individual observations of Bilger,  Roskam and Reindell  (1960) have shown 
t h a t  as a r e s u l t  of i n t ens ive  t r a in ing ,  t h e  hea r t  may be enlarged i n  two 
weeks by 150 cm3. 
enlargement of  t he  hea r t  during th ree  years  from 1290 t o  1.700 cm3 i n  a t h l e t e s  
i n  t r a in ing .  Reindell  e t  a l .  (1960) ind ica t e  t h e  r e v e r s i b i l i t y  of hea r t  
enlargement when t r a i n i n g  i s  hal ted.  For example, one l i g h t  a t h l e t e ,  i n  one 

In t h e  work of Medved (1964), da t a  are presented on t h e  
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year af ter  completion o f  training,. showed a decrease in  heart volume, while 
af ter  training was begun again, heart volume increased once more. 

Thus, the method of measurement of the heart volume may be an important 
help in  sports medicine. 
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CHAPTER V l l l  

FUNCTIONAL TESTS OF THE CARDIOVASCULAR SYSTEM 

ABSTRACT. Various types o f  card iovascu la r  f u n c t i o n a l  t e s t s  
a r e  analyzed: '1) dynamic t e s t s  us ing  va r ious  phys i ca l  loads; 
2) o r t h o s t a t i c  t e s t s ;  and 3) t e s t s  w i t h  b rea th  he ld .  A t -  
tempts t o  design f u n c t i o n a l  t e s t s  s p e c i f i c  fo r  the  type o f  
muscular a c t i v i t y  c h a r a c t e r i s t i c  t o  a g i ven  spo'i-ts a c t i v i t y  
a r e  descr ibed. M a n i f e s t a t i o n s . o f  card iovascu la r  pathology 
i n  response t o  va r ious  f u n c t i o n a l  t e s t s  a r e  descr ibed and 
t a b u l a r  da ta  ace presented. Problems i n  the  a d m i n i s t r a t i o n  
o f  f u n c t i o n a l  t e s t s ,  i n c l u d i n g  s p e c i f i c a l l y ' p r o b l e m s  r e l a t e d  
t o  t ime lapse between performance o f  f u n c t i o n a l  load and 
measurement o f  cardiodynamic parameter, a r e  discussed. 

A t  t he  present  time, an important o r  perhaps the  most important p lace  i n  - / 3 0 3  
t h e  determination of  func t iona l  s ta te  o f  t h e  h e a r t  i n  t h e  complex method- 
ology of medical examination of  a t h l e t e s  i s  t h a t  of  t he  var ious func t iona l  
t e s t s  of t he  cardiovascular  system. 

Since the  func t iona l  c a p a b i l i t i e s  o f  the  organism i n  most cases a re  
determined t o  a considerable  ex ten t  by t h e  condi t ion of t h e  cardiovascular  
system, t h e  broad u t i l i z a t i o n  o f  func t iona l  t e s t s  of t h e  cardiovascular  
system becomes understandable.  

Functional t e s t s  of t h e  cardiovascular  system can be c l a s s i f i e d  a s  
follows: 1) dynamic t e s t s  using var ious  physical  loads (jumping, deep knee 
bends, running i n  p lace) ;  2) o r t h o s t a t i c  t e s t s  ( t e s t s  based on changing , 

pos i t i on  of  t h e  body of  t h e  t e s t  sub jec t ) ;  3 )  t e s t s  with brea th  held 
(inhaled , exhaled) . 

Most func t iona l  t e s t s  known a t  t h e  present  time a r e  based on the  usage 
of s tandard dosed physical  loads.  

Tests w i t h  Phys ica l  Loads 

The study of  t h e  r eac t ions  of  t h e  cardiovascular  system t o  muscular work 
makes it poss ib le  t o  judge concerning t h e  adaptat ion t o  physical  s t r e s s  and 
t h e  func t iona l  c a p a b i l i t i e s  not  only of t h e  c i r c u l a t o r y  apparatus,  but  of t h e  
organism as a whole. 

The usage i n  t h e  general  complex of  medical examination of a method with 
s p e c i a l l y  introduced, measured physical  load a l s o  helps  reveal  t he  func t iona l  /304 
i n t e r r e l a t i o n s h i p s  between var ious  systems of t h e  organism. 
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The func t iona l  t e s t  of t he  cardiovascular  system using physical  loads i n  
t h e  form of 60 jumps i n  30 s e c  was first suggested by V. V. Gorinevskiy i n  
1923. 
cu l tu re  s tudents  and a t h l e t e s  a t  t he  S t a t e  Central  I n s t i t u t e  of  Physical 
Culture.  The co1,leagues of t h i s  i n s t i t u t e  M. D. Chirkin (1924) and 
D. F. Shabashov (1925) developed a method f o r  performing t h i s  func t iona l  
test and published t h e  first generalized material on the  r e s u l t s  of  i t s  
app 1 i c a t  i on. 

This t e s t  came t o  be used during medical examination of physical  

Subsequently, t h i s  t e s t  was approved by t h e  S c i e n t i f i c  Medical Council 
of  t h e  National Commissariat f o r  Publ ic  Health of t he  RSFSR and came t o  be 
broadly used i n  medical examination of physical  c u l t u r e  s tudents  and 
a t h l e t e s ,  and was c a l l e d  t h e  GTsIFK func t iona l  t e s t .  

In  l a t e r  years ,  V. V. Gorinevskiy (19301, D. F. Shabasliov (1930), 
L. G .  Serkin and A. V. Ionina (1935), D. N .  Korobov (1927), A. P. Yegorov 
(1927), M. A. Minkevich (1928), N .  A. Kevdin (1925), G .  K .  Birzin (1935), 
B. P. Kushelevskiy (1933), S. P. Letunov (1937), Ye. F. Likhachevskaya 
(1953), Flack (1921), A. Martinet (1925), M .  Burger and P. Peterson (1929), 

H. Reindell  (1954), P. Chialley-Bert  (1956) and many o the r  i nves t iga to r s  
worked on the  improvement of func t iona l  tests of t h e  cardiovascular  system 
and suggested a number of  var ious t e s t s .  The p r inc ipa l  purpose of t hese  
works was t h e  attempt t o  produce t h e  most complete representa t ion  of t h e  
working a b i l i t y  and s t a t e  of  t r a i n i n g  of t h e  organism of t h e  a t h l e t e .  

I n  t he  l i t e r a t u r e ,  a l a r g e  number of vari.ous func t iona l  t e s t s  of t h e  
cardiovascular  system a r e  presented,  which can be c l a s s i f i e d  by t h e  na ture  
and volume of t h e  phys ica l  loads,  t h e i r  r e p e t i t i o n  and sequence. 

Many authors  have s t a t e d  t h a t  t he  physical  loads used i n  func t iona l  
t e s t s  should be s p e c i f i c  f o r  a t h l e t e s  (L. G. Serkin,  A. V. Ionina,  1935; 
Z. P. Firsov, 1938; V. Dimitriu,  1958;.1.  Shtefan and S. Tinku, 1958; 
I. Khrastek and L. Samek, 1958). Opinions have been s t a t e d  t h a t  physical  
loading i n  a t e s t  should be continued u n t i l  a f e e l i n g  of  f a t i g u e  a r i s e s  
(M.. Ya. Ar'yev, 1927; A. A. Bakar, 1935; G .  A. Smagin, 1929; e t c . ) .  

I t  has been considered expedient t o  use  q u a l i t a t i v e l y  d i f f e r e n t  physical  
loads i n  magnitude and dura t ion  i n  funct ional  t e s t s  (L .  G .  Serkin,  
A. V. Ionina,  1935; S. V. Shestakov, 1936; S. P. Letunov, 1937). Opinions 
have a l s o  been s t a t e d  concerning t h e  necess i ty  o f  using t h e  same physical  
loads,  but  i n  d i f f e ren t -dosages  depending on t h e  s ta te  of hea l th  and s ta te  o f  
t r a i n i n g  (A. Ye. Shafranovskiy, 1948; N. I. Shvarts ,  1937; A. A. Vakar, 1935; /305 
V. Ya. Kaminskiy, 1928; G .  A. Smagin, R. F. Tomashevskiy, 1929). 

In s p i t e  of t h e  many years  experience accumulated i n  t h e  usage of 
funct ional  tests and the  considerable  number of s c i e n t i f i c  i nves t iga t ions  
performed i n  t h i s  a rea ,  s t i l l  a number of  problems of the  t h e o r e t i c a l  found- 
a t ion  of func t iona l  t e s t s ,  t h e  se l ec t ion  of t he  most expedient physical  
loadings and the  i n t e r p r e t a t i o n  of t h e  da t a  produced, cannot be considered 
completely solved. 
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In our country, a t tempts  have long been made t o  uni fy  func t iona l  t e s t s  
and come t o  a s i n g l e  evaluat ion and explanation of  t he  hemodynamic changes 
which occur as they a r e  performed. Analogous attempts have been undertaken 
on the  in t e rna t iona l  s ca l e :  i n  1956 a t  t h e  Eleventh In t e rna t iona l  Congress 
of Sports  Medicine i n  Luxemburg, t he  problem of func t iona l  t e s t s  o f  t h e  
cardiovascular  system was s p e c i a l l y  presented f o r  broad discussion.  Due t o  
t h e  broad inves t iga t ions  performed i n  the  USSR, which were presented by 
Soviet  s c i e n t i s t s  i n  r epor t s  a t  t h e  congress, a s i n g l e  opinion was reached i n  
many problem areas .  

The overwhelming major i ty  of func t iona l  tests of  t h e  cardiovascular  
system can be divided i n t o  t e s t s  with small, moderate and l a rge  loads.  The 
d i f fe rence  between the  ind iv idua l  func t iona l  tests concerned pr imar i ly  the  
form and durat ion of  the  physical  exerc ise  and t h e  methods of evaluat ing t h e  
r e s u l t s  of t h e  inves t iga t ion .  If we exclude these  d i f fe rences ,  it i s  easy t o  
see t h a t  most dynamic func t iona l  t e s t s  of  t h e  cardiovascular  system include a 
s i n g l e  load. A smaller  number of func t iona l  t e s t s  include two or t h r e e  
loads,  performed i n  sequence. 

Up t o  t h e  present  t ime, func t iona l  t e s t s  of  t h e  cardiovascular  system 
were divided i n t o  t h r e e  groups: s i n g l e  moment, dual moment and combined. 

Single moment funct ional  t e s t s .  This type of  t e s t  includes those i n  
which a onetime physical  load i s  used. Among these ,  the  most popular a r e  
the  following: t h e  GTsIFK t e s t  (60 hops i n  30 sec ) ,  t heMar t ine t  t e s t  
(20 deep knee bends), t h e  N. A. Kevdin t e s t  (40 deep knee bends), t h e  

* D. F. Deshin and G.,I. Kotov t e s t  ( 3  min running i n  p lace  a t  180 s t eps  pe r  
minute), t he  LNIIFK t e s t  ( 2  min running i n  p lace  a t  180 s t eps  p e r  minute), 
t h e  l imi t ing  load t e s t  (running i n  p lace  f o r  4 min a t  180 s t eps  p e r  minute, 
then at  f i f t h  minute a t  m a x i m u m  poss ib l e  speed),  t h e  "s tep- tes t"  (stepping 
up and down a two-step ladder  f o r  1 1/2-5 miq), e t c .  Among the  s i n g l e  
moment funct ional  tests, the  most widely used i n  p r a c t i c a l  work a r e  those  
with 60 jumps, 20 deep knee bends, t h ree  and two minutes run. 

/306 The technique of performance of s i n g l e  moment t e s t s  i s ,  b r i e f l y ,  as - 
follows: the  a t h l e t e  sits down before  the  doctor  and r e s t s  for 3-5 min. 
During t h i s  t i m e ,  t h e  doctor records t h e  r e s u l t s  of t h e  physical  examination 
performed, c l a r i f i e s  c e r t a i n  anamnesis da ta ,  and p laces  the  c o l l a r  of  t h e  
sphygmomanometer or tonometer on the  t e s t  subjec t .  For r ap id  measurement o f  
a r t e r i a l  p ressure  a f t e r  loading, a long rubber tube with a rap id  connection 
i s  used, i n  order  t o  connect t he  c o l l a r  t o  the  apparatus without los ing  
time. This p a r t  i s  q u i t e  important,  s ince  usua l ly  the  a r t e r i a l  p ressure  
decreases a f t e r  physical  loading during the  f i rs t  one o r  two minutes. A 
p a r t i c u l a r l y  rap id  drop is  observed i n  well  t r a ined  persons.  

The pulse  frequency is  determined a t  r e s t  with a 10-second i n t e r v a l .  
This system of pulse  measurement is convenient and widely used i n  spo r t s  
medicine. 
four  f igu res  with a constant  d i f fe rence  o f  one bea t ,  f o r  example 
10-11-10-ll) ,  t he  na ture  of t h e  pulse  i s  noted and the  da t a  a r e  eptered 

After  s t a b l e  pulse  f i g u r e s  a r e  produced ( f o r  example 10-10-10 or 

287 



onto a card.  
c o l l a r  is  disconnected from t h e  apparatus,  without removing it from t h e  upper 
extremity . 

Then t h e  arterial  pressure  is  measured twice, a f t e r  which the  

The a t h l e t e  i s  then asked t o  perform 20 deep knee bends i n  30 s e c ' o r  
60 hops, etc. The deep knee bends must be f u l l ,  wi th  t h e  arms extended 
forward, t h e  arms being dropped t o  t h e  s ides  upon s tanding.  
movement is  one deep knee bend each 1-1/2 sec, which i s  checked using a s top  
watch. If t h e  t e s t  sub jec t  does not maintain t h e  tempo, t h e  doctor reques ts  
him t o  speed up or slow down. 
hops) i s  f ixed  with a metronome. 

The r a t e  of 

If poss ib le ,  t h e  rhythm o f  deep knee bends (or  

Upon completion of t h e  physical  load (deep knee bends o r  running) ' the  
For t h e  f irst  10 sec ,  t h e  a t h l e t e  i s  quickly sea t ed  before  t h e  doctor .  

doctor  l i s t e n s  t o  his  h e a r t  and counts t h e  number of hear tbea ts  by auscul ta-  
t i o n .  
measures the  a r t e r i a l  p ressure  a t  in te rva ls .be tween the  f i f t e e n t h  and 
f o r t i e t h  second. Then, t h e  pulse  is  counted at 10-second i n t e r v a l s  u n t i l  t h e  
end of  t h e  first minute. 
during t h e  second and t h i r d  minutes -- f o r  t h e  f irst  10 sec  t h e  pulse  j.s 
counted, then t h e  a r t e r i a l  p ressure  is  measured and the  pulse  i s  counted once 
more. 

Af te r  t h i s ,  t h e  doctor  connects t h e  c o l l a r  t o  t h e  apparatus and 

Subsequently, t h e  same manipulations are repeated 

Sometimes, a s impler  method i s  used: a f t e r  determining t h e  pulse  and 
ar ter ia l  pressure  i n  t h e  first minute, t h e  pulse  is  counted a t  10-second 
i n t e r v a l s  continuously f o r  t h e  e n t i r e  second minute and t h e  f irst  10 sec  
of t h e  t h i r d  minute. If t h e  pulse  i s  s t i l l  e levated,  it continues t o  be 
counted u n t i l  it r e t u r n s  t o  i t s  i n i t i a l  values  and only then i s  the  next 
measurement o f  a r t e r i a l  p ressure  made. However, t h i s  method cannot be 
recommended, s ince  it does not allow d e t a i l e d  t r a c i n g  of t he  recovery of 
a r t e r i a l  p ressure  and i n  p a r t i c u l a r  makes it impossible t o  determine the  
stepped e leva t ion  i n  t h e  second minute ( i f  it occurs) .  
ance of  a func t iona l  t e s t ,  one must develop t h e  s k i l l  of  rapid measurement of  
a r t e r i a l  pressure.  The a v a i l a b i l i t y  i n  the  apparatus (sphygmomanometer o r  
tonometer) of a double rubber balloon f o r  pumping of a i r  g r e a t l y  f a c i l i t a t e s  
measurement of t h e  pressure .  
then pressing on t h e  second, s o f t  bal loon,  one can r ap id ly  increase  o r  
decrease the  pressure  i n  t h e  apparatus t o  the  requi red  leve l .  
valve need&-e opened i n  t h i s  case only i n  cases with a sharp drop i n  
minimum pressure a f t e r  loading ( the  so-ca l led  continuous tone) .  After  each 
measurement, t h e  pressure  i n  t h e  c o l l a r  must be re leased  by disconnecting it 
f o r  severa l  seconds from t h e  apparatus.  

/307 

For proper perform- 

By pumping t h e  a i r  pressure  up t o  50 mm Hg, 

The exhaust 

The r e s u l t s  of t he  func t iona l  tes t  a r e  defined from the  da ta  of  measure- 
ment of the  pulse  and a r t e r i a l  p ressure  d i r e c t l y  a f t e r  loading and the  time 
required f o r  r e tu rn  of t hese  q u a n t i t i e s  t o  t h e i r  i n i t i a l  l eve l s .  

In  addi t ion  t o  measurements of the  pulse  frequency and a r t e r i a l  
pressure,  the  doctor  must t u rn  h i s  a t t e n t i o n  t o  the  ex terna l  appearance and 
behavior of t he  a t h l e t e  during the  performance of t he  ehys ica l  load, as wel l  

I 
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as after it is  completed. Such changes as brea th lessness ,  considerable 
sweating, sharp changes i n  co lora t ion  of t he  face,  trembling of t h e  hands 
ind ica t e  an unsa t i s f ac to ry  r eac t ion  o f  t h e  organism t o  t h e  func t iona l  t e s t  
and must inf luence the  conclusion of t h e  doctor.  

The func t iona l  test  should not  be performed immediately a f t e r  ea t ing  or 
physical  exercise .  On days with considerable physical  loadings, t he  test  
should not  be performed. 

The r e s u l t s  o f  t h e  func t iona l  test  are evaluated according t o  t h e  
following ind ica to r s :  1)  q u a l i t y  o f  performance of  t h e  physical  load (evalu- 
a ted  i n  a r b i t r a r y  f ive -un i t  system); 2) percentage of  increase i n  pulse  
frequency; 3) t i m e  required f o r  r e s t o r a t i o n  o f  pulse ,  as well  as beginning of 
"negative phase" of  pu lse  quie t ing ;  4) change i n  s y s t o l i c  and d i a s t o l i c  
pressure  and pulse  amplitude immediately after loading; 5). time required f o r  
recovery of  blood pressure;  6) type of r eac t ion  based on curves of pu lse  
and arterial  pressure.  

The r eac t ion  t o  physical  loading i n  a s i n g l e  moment funct ional  t e s t  
( t e s t  type with 20 deep knee bends, 60 hops, e t c . )  is usua l ly  t h a t  t he  pulse  
increases  i n  frequency from 10, 11 o r  1 2  bea t s  i n  10 sec  a t  r e s t  t o  
15-20 bea ts  a f t e r  loading, i . e .  increases  by 50-70%. The maximum pressure  of 
100-120 mm Hg a t  r e s t  i s  increased after loading t o  125-150 mm Hg, while t h e  
minimum pressure  decreases from 60-80 t o  50-70 mm Hg. Recovery of t h e  pulse  
frequency requi res  from 1 t o  3-4 min', while the  arterial  pressure requi res  
up t o  3-5 min t o  recover.  The pulse  pressure  rises by 15-25 mm. 

Athletes  i n  good t r a i n i n g  after the  func t iona l  t e s t s  show, i n  addi t ion  - /308 
t o  a low increase  i n  pulse  frequency, an increase  i n  s y s t o l i c  a r t e r i a l  
p ressure ,  a s l i g h t  decrease i n  d i a s t o l i c  pressure ,  or perhaps no change i n  
d i a s t o l i c  pressure.  
extent  i n  the  change i n ' p u l s e  pressure and t o  a l e s s e r  extent  i n  the  pulse  
frequency. In  untrained a t h l e t e s ,  the  reverse  phenomenon is  no ted . - -  t h e  
p r inc ipa l  change i s  t h e  increase  i n  pulse  frequency. With good func t iona l  
condition of t h e  cardiovascular  system, t h e  pulse  pressure increases  primar- 
i l y  by increasing t h e  s y s t o i i c  a r t e r i a l  pressure.  This r eac t ion ,  on t h e  
suggestion of B. P.  Kuleshovskiy (1933), has been c a l l e d  the  normotonic 
reac t ion ,  s ince  it ind ica t e s  good func t iona l  s ta te  of t he  cardiovascular  
system. 

The r eac t ion  t o  t h e  t e s t  i s  expressed t o  a g r e a t e r  

With d e f i c i e n t  func t iona l  capaci ty  of  t h e  h e a r t ,  t h e  s i n g l e  moment 
func t iona l  t e s t  causes a s i g n i f i c a n t  increase  i n  pulse  frequency, a s l i g h t  
increase  i n  s y s t o l i c  ar ter ia l  pressure (sometimes i t . d o e s  not  change or even 
decreases) ,  an increase  i n  d i a s t o l i c  a r t e r i a l  p ressure  and a decrease i n  
pulse  pressure.  In  these  cases ,  recovery occurs slowly, and the  r eac t ion  t o  
the  funct ional  t e s t  is c a l l e d  as thenic ,  which is  f requent ly  noted with over- 
s t r e s s  o r  various h e a r t  d i seases .  

If the  pulse  frequency increases  s i g n i f i c a n t l y  and the  s y s t o l i c  a r t e r i a l  
p ressure  rises sharply i n  t h e  func t iona l  test (up t o  180-200 mm Hg), while 
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t he  d i a s t o l i c  pressure  remains unchanged o r  increases  s l i g h t l y ,  na tu ra l ly ,  
t he  pulse  pressure increases  s i g n i f i c a n t l y .  This type of r eac t ion  t o  t h e  
func t iona l  test  i s  c a l l e d  hypertonic.  With t h i s  reac t ion ,  t he  t i m e  f o r  
recovery of pu lse  frequency and s y s t o l i c  arterial  pressure  i s  lengthened. If 
the  hypertonac r eac t ion  t o  the  funct ional  t e s t  i s  observed i n  young a t h l e t e s ,  
the  reason f o r  t h i s  i s  f requent ly  forced t r a i n i n g  with high loads.  

When the  func t iona l  test  causes an increase  i n  pulse  frequency, a 
s i g n i f i c a n t  increase  i n  t h e  s y s t o l i c  a r t e r i a l  p ressure  (sometimes up t o  
200-220 mm Hg) and a decrease i n  d i a s t o l i c  pressure t o  zero ( the  continuous 
tone phenomenon), t h i s  r eac t ion  t o  t h e  t e s t  i s  ca l l ed  dystonic .  This reac-  
t i o n  i s  observed most f requent ly  i n  cases  of  over t ra in ing ,  with vege ta t ive  
neuroses, p a r t i c u l a r l y  f requent ly  after in fec t ious  d iseases .  However, 
Ye. A. Poruchikov (1962-1966) ind ica ted  t h a t  t he  phenomenon of  t h e  continu- 
ous tone appears b r i e f l y  when t h e  arterial  pressure i s  recorded immediately 
a f t e r  completion of  t he  load ( f o r  15-20 sec ) .  I t  should be noted t h a t  due t o  
t h e  b rev i ty  of  t he  continuous tone phenomenon, when the  usual method is  used 
f o r  performing the  func t iona l  t e s t ,  it i s  r a r e l y  observed. 
t he  continuous tone depends on t h e  extent  of  t h e  hemodynamic changes during 
muscular work (pulse  frequency, durat ion o f  blood expulsion from t h e  h e a r t ,  
power of card iac  cont rac t ion ,  e t c . ) .  In  recent  t imes,  a number o f  authors 
have ind ica ted  t h a t  t h e  "continuous tone" i s  caused by a cardiogenic mechan- 
i s m .  
phenomenon. These observat ions,  as well  as t h e  da t a  of M .  N. Syvorotkin 
(1965), T. E .  Karu (1966) and o thers  requi re  t h a t  previous opinions 

, concerning t h e  na ture  of  t he  d i s ton ic  r eac t ion  be re-examined. 

The appearance of  /309 

The tonus of  t h e  per iphera l  ves se l s  apparently i s  not  r e l a t e d  t o  t h i s  

Unsat isfactory da t a  i n  t h e  performance of a s i n g l e  moment func t iona l  
t e s t  a r e  observed i n  cases  of  d i s rupt ion  of t he  nervous regula t ion  of t he  
cardiovascular  system, hea r t  def ic iency o r  a l t e r a t i o n s  i n  the  s t a t e  of the  
per iphera l  c i r cu la to ry  apparatus.  

However, t he  physical  loading i n  20 deep knee bends o r  60 hops i s  
r e l a t i v e l y  s l i g h t ,  s o  t h a t  i n  heal thy persons even with i n s u f f i c i e n t  
t r a in ing ,  t he  r e s u l t s  of t h e  t e s t  a r e  f requent ly  q u i t e  s a t i s f a c t o r y .  

Y e .  F. Likhachovskaya (1953) inves t iga ted  seve ra l  groups of q u a l i f i e d  
a t h l e t e s  i n  various s t a t e s  o f  t r a i n i n g  (well t r a ined ,  untrained or over- 
t ra ined)  using a combined method of medical examination using var ious 
funct ional  t e s t s  and determined t h a t  t e s t s  with small '  loadings ( s ing le  moment 
o r  dual moment) a r e  i n s u f f i c i e n t l y  s e n s i t i v e  f o r  determination of t h e  s t a t e  
of  t r a i n i n g  o r  e a r l y  recogni t ion of func t iona l  changes i n  t h e  c i r cu la to ry  
apparatus i n  qua l i f i ed  a t h l e t e s .  

With d iseases  o f  th.e cardiovascular  system ( res idua l  phenomenon a f t e r  
myocardit is ,  rheumatism, a f t e r  severe in fec t ious  d iseases ,  with hea r t  
defec ts  with def ic iency of c i r cu la t ion ,  e t c . ) ,  t he  small load t e s t  w i l l  show 
poor adap tab i l i t y  of t h e  cardiovascular  system t o  physical  loads.  
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A more proper conception of  t he  s t a t e  of t r a i n i n g  i s  given by s ing le  
moment funct ional  tests with r e l a t i v e l y  la rge  physical  loads. 
less frequent ly  show a d i f fe rence  i n  the  react ion.  of t h e  organism t o  loads as 
a function of  t h e  s t a t e  of t r a in ing .  In  spor t s  medicine i n  the  examination 
of sportsmen o f  t h i r d  rank, or sometimes of second rank, funct ional  tes ts  o f  
t h e  cardiovascular system with physical loading consis t ing of two or t h ree  
minutes running i n  p lace  a r e  frequently used. These funct ional  t e s t s  a r e  
performed according t o  t h e  following plan.  F i r s t ,  an ordinary examination a t  
res t ,  then, without removing the  c o l l a r  of t h e  tonometer, the  a t h l e t e  runs i n  
place t o  t h e  metronome a t  180 s teps  per  minute. 
knees t o  hip l eve l ,  and moves the  arms as i n  ordinary running. 

These tests 

The t e s t  subject raises the  

For juveni les ,  adolescents,  g i r l s  and women the  loading most f requent ly  /310 
suggested i s  two minutes running i n  place.  

Invest igat ions t o  s e t  a bas i s  f o r  t he  funct ional  test  with two minutes 
running i n  p lace  were performed by G .  K.  Birzin (1958). The da ta  of 
inves t iga t ion  of adul t  a t h l e t e s - o f  20-25 years of age during the  main 
t r a in ing  per iod (184 men and 179 women) with normal ar ter ia l  pressure were 
s tudied.  G .  K. Birzin came t o  the  conclusion t h a t  t he  funct ional  t e s t  with a 
physical load cons is t ing  of two minutes running was q u i t e  acceptable f o r  
examination of adul t  a t h l e t e s  and young people of  e i t h e r  sex. In addi t ion t o  
considering the  changes i n  hemodynamic ind ica tors  (occurring under the  
influence of t h e  funct ional  t e s t ) ,  the  author recommended t h a t  da ta  from 
complete medical examination, the  performance of t h e  running, t h e  nature  o f  
the  breathing during the  load and i n  the recovery period, thexhange  i n  
colorat ion of t h e  sk in ,  changes i n  t h e  auscul ta t ive  p i c tu re  of  t he  hea r t ,  
appearance of fee l ings  of  weakness or dizziness  be taken i n t o  consideration 
t o  evaluate the  funct ional  s t a t e  of the  c i r cu la to ry  apparatus.  

The appearance of breathlessness  during performance of the  load or i n  
t h e  recovery period i s  considered t o  be an unfavorable symptom, ind ica t ing  
compensation of cardiovascular a c t i v i t y  by reinforcement of t h e  r e sp i r a to ry  
function. Cases of breathlessness  a re  more frequent i n  middle and advanced 
age. 
any funct ional '  t e s t .  

These moments should be taken in to  consideration i n  the  performance of 

Functional t e s t s  with th ree  minutes running are widely used i n  spo r t s  
medicine. These tes ts  a re  used i n  t h e  se l ec t ion  of persons f o r  spor t s  youth 
schools,  f o r  admission t o  competition, i n  t h e  examination o f  persons sen t  t o  
mountain climbing camps and mountain t o u r i s t  h ikers .  

The funct ional  t e s t  with th ree  minutes running i s  a l s o  used when the  
doctor,  on the  bas i s  of ob jec t ive  examination, i s  doubtful as t o  the  good 
function of t he  cardiovascular system, or i f  t h e  t e s t  subjec t  has complaints 
which ind ica te  d isease  or disorder  of the  cardiovaqcular system, when t h e r e  
i s  no objec t ive  medical da ta  ind ica t ing  such a problem. 

A f t e r  a t e s t  i n  t h e  form of th ree  minutes running, a t h l e t e s  show a 
r a t h e r  c l e a r l y  expressed reac t ion  t o  the  pulse  and a r t e r i a l  pressure.  
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In  a t h l e t e s  i n  var ious funct ional  condi t ions,  t h e  degree of change o f  
pulse  and a r t e r i a l  p ressure  d i f f e r s  a f t e r  t h e  t e s t .  
over t ra ined  a t h l e t e s  show a g r e a t e r  increase  i n  pulse  frequency than 
a t h l e t e s  i n  a good s t a t e  o f  t r a i n i n g ,  while the  r e s t o r a t i o n  o f  t h e  pulse  
after the  test  occurs more slowly, t h e  recovery time genera l ly  being longest 
for overtrain'ed a t h l e t e s .  

Thus, undertrained and 

/311 - 

The decrease i n  d i a s t o l i c  a r t e r i a l  pressure i n  overtrained and under- 
t r a ined  a t h l e t e s  i s  gene ra l ly  considerably more c l e a r l y  expressed than i n  
w e l l  t r a ined  a t h l e t e s .  

The change i n  s y s t o l i c  a r t e r i a l  p ressure  i n  overtrained,  undertrained 
and well  t r a ined  a t h l e t e s  has no c l e a r l y  expressed d i s t i n c t i o n s .  

Clear d i f f e rences  a r e  observed i n  the  dura t ion  of t he  recovery period, 
and p a r t i c u l a r l y  t h e  t i m e  required f o r  r e s t o r a t i o n  o f  t h e  d i a s t o l i c  pressure.  
Thus, i n  well t r a ined  a t h l e t e s  t he  recovery of a l l  i nd ica to r s  occurs q u i t e  
rap id ly ,  t h e  d i a s t o l i c  pressure  recovering f i r s t ,  followed by the  sys toa i c  
pressure  and the  pulse .  

In  undertrained a t h l e t e s ,  t h e  recovery occurs r e l a t i v e l y  slowly. 

In  a t h l e t e s  i n  the  overtrained s t a t e ,  the  
However, t h e  s y s t o l i c  arterial  pressure  is  res tored  more r ap id ly  than the .  
pu lse  and d i a s t o l i c  pressure.  
s y s t o l i c  a r t e r i a l  p ressure  a l s o  recovers r e l a t i v e l y  more r ap id ly  than the  
pulse  and d i a s t o l i c  ar ter ia l  pressure.  
regard less  of t h e  s t a t e  of t r a i n i n g  most (about 80%) show t h e  normotonic 
reac t ion .  
46% o f  cases.  

As concerns types o f  reac t ion ,  

Even i n  t h e  over t ra ined  s t a t e ,  t h e  normotonic type was observed i n  

In  t r a ined  runners spec ia l i z ing  i n  long d is tances ,  s k i e r s ,  swimmers, 
f o o t b a l l  p layers  and o the r s ,  i n  most cases the  normotonic reac t ion  t o  the  
func t iona l  t e s t  with t h r e e  minutes running i s  observed. 
running with i n i t i a l  da t a  of 8-12 bea ts  pe r  10 s e c  increased by 6-10 bea ts  
(40-100%). The s y s t o l i c  arterial  pressure,  with an i n i t i a l  l eve l  of 
90-115 mm Hg was increased by 15-30 mm Hg (15-30%), t he  d i a s t o l i c  pressure,  
with an i n i t i a l  l e v e l  of 45-75 mm Hg was decreased by 5-25 mm Hg (10-35%) or 
remained unchanged. 
(from 50 sec t o  5 min). 

The pulse  after 

The recovery period of t h e  pulse  averaged 2 1 / 2  min 

The r eac t ion  t o  t h e  three-minute t e s t  i n  t he  same-a th l e t e  changes as a 
funct ion of t h e  s ta te  of  t r a in ing .  
after a forced one-month in t e r rup t ion  i n  t r a i n i n g  showed a c l e a r e r  r eac t ion  
t o  t h r e e  minutes running. With equal i n i t i a l  values of t h e  pulse ,  a f t e r  the  
t e s t  t h e  frequency increased by seven bea ts  pe r  10 sec  (70%), while the  
maximum pressure  was increased by 18 mm. 
was lengthened from 50 sec  t o  2 min and 10 sec.  

For example, a long-distance runner 

The recovery per iod of the  pulse  

Persons not involved i n  physical  cu l tu re  and s p o r t s  bu t  i n  good hea l th  
/312 showed an increase  i n  the  pulse  t o  150-160 bea ts  pe r  minute a f t e r  the  

, -  

funct ional  test with th ree  minutes running, while t he  s y s t o l i c  a r t e r i a l  
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pressure increased t o  140-160 mm Hg, t he  d i a s t o l i c  pressure  dropped by 
10-20 mm. 
minute high a f t e r  t h r e e  minutes recovery. 
re turned t o  i t s  i n i t i a l  l e v e l  a f t e r  t h ree  minutes recovery. The pulse  and 
ar ter ia l  pressure  i n  untrained but  heal thy persons after running returned t o  
t h e  i n i t i a l  l eve l s  a f t e r  6-7 min following completion of  t he  func t iona l  tes t .  

These persons showed pulse  frequencies s t i l l  12-24 bea ts  p e r  
The s y s t o l i c  pressure  a l s o  had not 

In  cases  when the  pulse  remains high f o r  ten  minutes and more, while t h e  
s y s t o l i c  arterial  pressure  drops below t h e  i n i t i a l  level, t he re  is a disrup-  
t i o n  i n  the  func t iona l  s ta te  of  t he  cardiovascular  system. These same 
phenomena a r e  noted i n  a t h l e t e s  i n  cases  of chronic ove r s t r e s s .  

I t  should be noted t h a t  when the  func t iona l  t e s t  i s  performed with t h r e e  
minutes running, and a l s o  during o the r  t e s t s  involving physical  loading 
(pr imari ly  f o r  endurance), it is sometimes noted t h a t  t he  pulse  frequency 
becomes l e s s  than t h e  i n i t i a l  l e v e l  a t  some poin t  i n  t h e  recovery per iod.  
Thus at  t h e  second t o  t h i r d  minute a f t e r  physical  loading, t h e - p u l s e  o f t en  
fa l l s  t o  below t h e  i n i t i a l  l eve l .  Then, t h e  pulse  frequency increases  again 
and the  card iac  rhythm gradual ly  normalizes. 
pulse  frequency i n  t h e  middle of t h e  recovery per iod (by 1-3 bea ts  p e r  
10 sec)  i s  c a l l e d  the  "negative pulse  phase." 

The phenomenon of  decreased 

The mechanism of  formation of t he  "negative phase" of t h e  pulse  is  not  
This problem has been t h e  subjec t  of  a spec ia l  inves t iga-  y e t  q u i t e  c l e a r .  

t i o n  [S. Ye. Tseytlovskiy,  1964). 

Persons who show the  "negative pulse  phase" continuing f o r  more than 
t h r e e  minutes a f t e r  t h e  funct ional  t e s t  of t h e  cardiovascular  system should 
be subjected t o  more d e t a i l e d  examination. 

The funct ional  t e s t  with f i v e  minutes running a t  varying speeds 
( four  minutes a t  180 s t eps  pe r  minute, t h e  f i f t h  minute as f a s t  as poss ib le )  
i s  much l e s s  f requent ly  used, although t h i s  t e s t  q u i t e  c l e a r l y  shows t h e  
reac t ion  of t h e  organism t o  physical  s t r e s s  depending on i t s  func t iona l  
s t a t e .  When t h i s  t e s t  i s  performed, considerable  changes i n  the  ind ica to r s  
of  pulse  and a r t e r i a l  p ressure  a r e  noted. 
func t iona l  t e s t  f o r  well  t r a ined  and untrained a t h l e t e s ,  t h e  g rea t e s t  changes 
a r e  noted i n  t h e  v a r i a t i o n  i n  d i a s t o l i c  pressure ,  r e s u l t i n g  i n  an increase  i n  
the  pulse  pressure.  
i n  pulse  and s y s t o l i c  a r t e r i a l  p ressure ,  increased over t he  i n i t i a l  values ,  
which do not d i f f e r  t oo  g r e a t l y  from each o ther .  

If we compare t h e  da t a  o f  t h e  

A t  t h e  same t i m e ,  these  groups of a t h l e t e s  show changes 

The g r e a t e s t  d i f f e rence  i n  t h e  da t a  of t h e  func t iona l  t e s t  is  observed 
during t h e  recovery per iod.  Thus, f o r  a t h l e t e s  i n  a.good s t a t e  of t r a i n i n g ,  - /313 
the  recovery of pulse  and a r t e r i a l  p ressure  does not  r equ i r e  more than f i v e  
minutes, t h e  d i a s t o l i c  pressure  recovering f i rs t ,  followed by s y s t o l i c  
pressure and pulse .  I n  i n s u f f i c i e n t l y  t r a i n e d  a t h l e t e s ,  t he  recovery occurs 
mope slowly. 
with some lagging of t h e  d i a s t o l i c  pressure.  
occurs after t h e  ar ter ia l  pressure.  

The d i a s t o l i c  and s y s t o l i c  pressures  recover almost i n  p a r a l l e l  
The recovery o f  t he  pulse  
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In  over t ra ined  a t h l e t e s ,  t h e  response t o  t h e  five-minute load is  a 
s i g n i f i c a n t  increase  i n  pulse ,  increase  i n  changes i n  d i a s t o l i c  pressure  and 
considerably l e s s  increase  i n  s y s t o l i c  pressure.  
extend t o  over t e n  minutes. 

The recovery per iod may 

Dual moment tests of the cardiovascular system. In  these  t e s t s ,  t h e  
physical  load i s  performed twice with a t i m e  i n t e r v a l  between. 
dual moment t e s t s  a r e  those of  D. N. Korobov (1927), L .  G .  Serkin and 
A .  V. Ionina (1935), Martinet (1925), e t c .  In  the  dual moment t e s t  of 
D. N. Korobov, t h e  test  sub jec t  performs t h e  same load twice -- 60 jumps i n  
30 sec  with a r e s t  per iod of four  minutes. 
i n  pulse  and arterial  pressure.  Each load i n  the  test 
i s  evaluated using t h e  same ind ica to r s  and reac t ions ,  as i n  t h e  s i n g l e  moment 
t e s t .  Good func t iona l  capac i ty  of t h e  cardiovascular  system i s  ind ica ted  by 
a normotonic r eac t ion  t o  each load.  
c i r cu la to ry  apparatus i s  d is rupted ,  a f t e r  t he  first physical  load t h e  normo- 
ton ic  reac t ion  may occur,  but a f t e r  t he  second load an a typ ica l  r eac t ion  w i l l  
be seen. With manifest  func t iona l  def ic iency,  t he  a typ ica l  r eac t ion  w i l l  
occur even a f t e r  t h e  f irst  load. 

Examples of  

The doc tor  determines the  change 
He compares t h e  da ta .  

If t h e  func t iona l  capac i ty  of  t he  

The dual moment t e s t  of L. G .  Serkin and.A. V. Ionina ca l l s  f o r  t he  
usage of  d i f f e r e n t i a t e d  physical  loads f o r  s t r eng th  or speed or f o r  endur- 
.ance, i . e .  t h e  q u a l i t i e s  which a r e  c h a r a c t e r i s t i c  f o r  a given type of spo r t s .  
For example, a s p r i n t e r  would be required t o  run i n  p lace  twice (with t h r e e  
minutes between) f o r  15 sec  a t  t he  maximum poss ib l e  speed. 
a r t e r i a l  p ressure  a r e  stud'ied a t  r e s t ,  between loads for t h ree  minutes and 
during the  ten-minute recovery period. In  add i t ion  t o  t e s t i n g  the  pulse  and 
a r t e r i a l  pressure,  t h e  ex terna l  appearance of t he  a t h l e t e  during performance 
of  t h e  loading, as wel l  as t h e  q u a l i t y  of performance are considered. 

The pulse  and 

Weight l i f t e r s  and boxers are asked t o  perform a s t r eng th  t e s t ,  
including l i f t i n g  weights weighing 3 2  kg from the  f l o o r  t o  che height  of t h e  
chin t h e  number o f  t imes equal t o  t h e  body weight of t h e  a t h l e t e  divided by 
four ,  f o r  example: i f  t he  a t h l e t e  weighs 6 8  kg, he must l i f t  t h e  weight 
1 7  times a t  one cycle  each 1-1-1/2 sec.  The second load, l i k e  t h e  f irst  
load, is  performed a f t e r  f i v e  minutes. The pulse  and a r t e r i a l  p ressure  are /314 
determined a t  r e s t ,  i n  the  five-minute i n t e r v a l  between loads and f o r  t en  
minutes recovery per iod.  

Another dual moment t e s t  i s  t h e  Pashon-Martin t e s t ,  which includes the  
o r t h o s t a t i c  t e s t  and 20 deep knee bends i n  40 sec.  

The inves t iga t ions  of Ye. V. Likhachovskaya (1953) have shown t h a t  dual 
moment t e s t s  with small loadings have no e s s e n t i a l  advantages over s ing le  
moment t e s t s  with t h e  same loading. In  a t h l e t e s  i n  a good s t a t e  of  t r a i n i n g  
subjected t o  the  dual moment tests,  the  pulse  and a r t e r i a l  p ressure  increase  
from one load t o  t h e  next ,  and the  pulse  pressure  a l s o  r i s e s .  

In  analyzing func t iona l  t e s t s ,  we should consider  t h e  type of  pulse  and 
a r t e r i a l ' p r e s s u r e  r eac t ion  t o  the  physical  load and the  time required f o r  
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recovery. 
as well as i n s u f f i c i e n t l y  physical ly  t r a i n e d  persons, fa t igued persons, those 
with vegetat ive nervous system disorders ,  t h e  funct ional  t e s t s  show a g r e a t e r  
increase i n  pulse  frequency, s l i g h t  increase i n  s y s t o l i c  a r t e r i a l  pressure,  
o r  perhaps even a decrease. The d i a s t o l i c  a r t e r i a l  pressure more frequent ly  
increases ,  t h e  pulse frequency decreases,  This r eac t ion  of pulse  and 
a r t e r i a l  pressure i s  r e f e r r e d  t o  as asthenic.  These react ions are seen with 
i n s u f f i c i e n t  adaptation of t h e  c i r cu la to ry  apparatus and, i n  p a r t i c u l a r ,  i n  
case o f  overstress .  

In  persons with funct ional  def ic iency o f  t he  c i r cu la to ry  system, 

Three-moment f u n c t i o n a l  tes ts . '  Medical examination o f  highly q u a l i f i e d  
a t h l e t e s  may be Gerformed using three-moment combined funct ional  tes ts  
( S .  P. Letunov, 1937). The value of t h i s  test  i s  t h a t  i t  can be used t o  
study t h e  influence o f  loads f o r  speed and endurance on t h e  organism. I t  i s  
these  types of  physical  loads (speed and endurance) which are widely used i n  
t h e  overwhelming majori ty  o f  types of spo r t s  with today's t r a i n i n g  systems. 

The combined three-moment functional tes t  of t h e  cardiovascular system 
i s  performed as follows. 

The first p a r t  of t h e  tes t  -- 20 deep knee bends -- i s  a warm-up o r  
introductory exerc ise .  I t  was described above. After t h i s  load, t h e  pulse  
and a r t e r i a l  pressure a r e  measured f o r  t h r e e  minutes. 
t h e  t e s t  cons i s t s  of a high-speed load, consis t ing of  15 seconds running 
i n  place as fast as possible .  A f t e r  t h i s  load, t h e  pu l se  and a r te r ia l  
pressure are measured f o r  fou r  minutes. The o rde r  o f  i nves t iga t ion  i s  as 
follows: f o r  t h e  f i rs t  t e n  seconds of  each minute, t h e  pulse  i s  measured, 1 

then t h e  a r te r ia l  pressure i s  measured. 
cons i s t s  of a th ree  minutes run i n  p lace .  This i s  the  endurance load. The 
run i s  performed with t h e  knees r a i s e d  high and t h e  arms are swung energet ic-  /315 
a l l y .  The speed i s  180 s t eps  p e r  minute, which i s  control led by a metronome. 
For women and young people, a two-minute run i s  recommended. After t h e  
loading, t h e  pulse and a r t e r i a l  pressure a r e  measured f o r  f i v e  minutes. 

T h e  second port ion o f  

The last  po r t ion  of t h e  t e s t  

The physical loads i n  t h e  combined three-moment funct ional  tes t  d i f f e r  
i n  t h e i r  e f f e c t  on t h e  organism and sub jec t  t h e  cardiovascular system t o  
varying demands. 
t h e  main physical loads. The second p a r t  -- t h e  15-sec run -- defines  t h e  
c a p a b i l i t y  of t h e  organism f o r  sharply increasing blood c i r c u l a t i o n ,  which i s  
an i nd ica to r  of t h e  a d a p t a b i l i t y  of t h e  organism t o  high-speed loads. The 
t h i r d  port ion -- ' the three-minute run -- helps  t o  determine t h e  capacity of 
t h e  organism f o r  increased c i r c u l a t i o n  over a r e l a t i v e l y  long period, which 
determines t h e  c a p a b i l i t y  of t he  organism t o  work f o r  endurance. 

Thus, t h e  f irst  phase i s  a preparat ion f o r  t he  organism t o  

In  analyzing t h e  d a t a  o f  t h e  three-minute func t iona l  t e s t ,  t he  height of 
t he  react ion,  degree o f  matching o f  t h e  change i n  pu l se  and height of 
ar ter ia l  pressure and t h e  pulse  amplitude, t he  sequence o f  changes of a l l  
i nd ica to r s  from one physical load t o  another, t h e  t i m e  of  r e s t o r a t i o n  of t h e  
pulse  and ar ter ia l  pressure t o  t h e i r  i n i t i a l  values  are a l l  taken i n t o  
consideration. If t h e  p r i n c i p l e  of v a r i a t i o n  i s  s u f f i c i e n t l y  adapted t o  t h e  
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t r a i n i n g  of  a t h l e t e s  f o r  various types of s p o r t s ,  good adap tab i l i t y  t o  a l l  
loads i n  t h e  t e s t  w i l l  be  determined when t h e  cardiovascular system is  
inves t iga t ed  using t h i s  tes t ,  although some s l i g h t  d i f f e rences  w i l l  be seen, 
depending on t h e  s p e c i f i c s  of t h e  var ious types o f  spo r t s .  

/318 

T A B L E  22. N O R M O T O N I C  TYPE OF R E A C T I O N  TO THREE-MOMENT 
COMB I N E D  TEST 

A t  res t  
. . . . . . .  

P u  1 se 
3- $1  (1  

lr ter ia-I 
bressure, 
mm H.g . 

After 20 
d e e p  knee , .  

bends 
1st j 2nd j 3rd 
- ..... 

Mi n 

4 f te r  15-sec ru  

1st 2nd13rd I 4th 
Min 

- 

__ . . 

l After 3 -min  r u n  

3rd-i 4th 5th 
M i n  

c 

For well t r a i n e d  a t h l e t e s ,  t h e  following t e s t  i nd ica to r s  a r e  character-  
i s t i c  (Table 2 2 ) .  The r eac t ion  t o  physical  loads i n  t h e  funct ional  t e s t  (see 
Table 22) have come t o  be c a l l e d  normotonic. This term was f irst  suggested, 
as we indicated above, t o  evaluate  s i n g l e  moment tests,  but  then became more 
broadly used t o  evaluate  t h e  combined funct ional  tes t .  With t h e  normotonic 
type of react ion,  matching and pa ra l l e l i sm are noted i n  t h e  changes o f  pu l se  
and a r te r ia l  pressure,  a considerable increase i n  pulse  frequency occurring 
simultaneously with a r a t h e r  c l e a r l y  expressed increase i n  pu l se  amplitude 
r e s u l t i n g  from an increase i n  s y s t o l i c  and a moderate decrease i n  d i a s t o l i c  
ar ter ia l  pressure.  Recovery occurs r e l a t i v e l y  rapidly.  The react ion 0% t h e  
pulse  and a r t e r i a l  pressure increased from one load t o  the ’nex t .  
a d a p t a b i l i t y  o f ‘ t h e  organism t o  loads,  but  i n s u f f i c i e n t  t r a i n i n g  of t h e  
a t h l e t e ,  t h e  normotonic type of r eac t ion  i s  observed, but recovery occurs 
more slowly. 

With proper 

The normotonic type of r eac t ion  t o  t h e  t e s t  i s  looked upon as favorable,  
but  d i s t i n c t i o n s  are made depending on the  age and physical  t r a i n i n g ,  which 
can be seen i n  t h e  changes o f  t he  da t a  on pulse,  ar ter ia l  pressure and recov- 
e ry  time. In  Table 2 3  ( a f t e r  S. P. Letunov) data  are presented indicat ing 
t h a t  t h e  g r e a t e r  t h e  physical  load i n  the  funct ional  t es t ,  t h e  more t h e  
changes i n  pulse  and maximum a r t e r i a l  pressure are seen. 
normotonic r eac t ion ,  we d i s t ingu i sh  dystonic,  hypertonic,  hypotonic reac- 
t i o n s ,  and a l s o  t h e  r eac t ion  with stepped increase i n  s y s t o l i c  pressure.  

In  addi t ion t o  t h e  

A l l  
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of these  r eac t ions  i n d i c a t e  funct ional  de f i c i enc ie s  o f  t h e  c i r cu la to ry  
apparatus t o  some degree or another. 

The dystonic r eac t ion  i s  dis t inguished by t h e  high values of t h e  changes 
i n  s y s t o l i c  (over 180 mm Hg) and d i a s t o l i c  (down t o  zero -- t h e  "continuous 
tone" phenomenon) are t o  real  pressure,  and t h e  recovery occurs slowly. The 
pulse  frequency increases  considerably and r e tu rns  slowly (Table 2 4 ) .  

The dystonic type of r eac t ion  i s  most f requent ly  observed i n  young 
persons and adolescents,  although a f t e r  21-22 years  o f  age the  dystonic type 
of r eac t ion  i s  frequent ly  replaced by a normotonic react ion.  

The "continuous tone," or appearance o f  "zero" d i a s t o l i c  pressure after 
t h e  completion o f  t h e  physical  load i s  an expression of g r e a t l a b i l i t y  of 
vascular  tone. The "continuous tone" i s  frequent ly  heard a f t e r  extended 
exercises  f o r  endurance, f o r  example after a marathon'run it is noted i n  t h e  
majori ty  of cases. There is  an opinion t h a t  t he  "continuous tone" i s  a 
physiological i nd ica t ion  of adaptation of t h e  organism t o  physical loads and 
ind ica t e s  high funct ional  capaci ty  of t h e  cardiovascular system. 
opinion pr imari ly  concerns physical  exercises  of r e l a t i v e l y  high i n t e n s i t y .  
In cases when t h e  "continuous tone" i s  heard only d i r e c t l y  a f t e r  loads and 
i s  not  combined with o t h e r  changes i n  t h e  r eac t ion  of t h e  organism t o  the  
funct ional  t es t ,  t h i s  phenomenon should not be considered a negative change. 
However, many authors improperly be l i eve  t h i s  r eac t ion  t o  be a r e f l e c t i o n  of 
good functional s t a t e  of t h e  c i r cu la to ry  apparatus i n  a l l  cases, 

This 
/319 - 

If t h e  Ikontinuous tone" appears a f te r  t h e  physical  load i n  t h e  func- 
t i o n a l  tes t  (not noted before) and i s  heard f o r  2-3 min or more, combined 
with o the r  unfavorable ind ica t ions  i n  t h e  funct ional  tes t ,  a l l  of t h i s  as a 
whole ind ica t e s  a change i n  t h e  normal nature  of t h e  recovery processes.  The 
fact  t h a t  t h e  tfcontinuous tone" may appear with funct ional  disorders  i n  t h e  
s t a t e  o f  good t r a i n i n g  ob l iga t e s  t h e  doctor  t o  evaluate  the  da t a  of t h e  tests 
on a s t r i c t l y  individual  b a s i s ,  p a r t i c u l a r l y  i n  t h e  case of t h e  dystonic 
r eac t  ion.  

In  t h e  r eac t ion  with t h e  stepped increase i n  s y s t o l i c  a r t e r i a l  pressure 
immediately a f t e r  t he  load, t h e  maximum a r t e r i a l  pressure i s  lower than a t  
t h e  second and t h i r d  minutes of t h e  recovery per iod (Table 25) .  

This r eac t ion  i s  most quickly seen a f t e r  t h e  high-speed port ion of t h e  
tes t ,  it being f o r  many people t h e  ear l ies t  symptom o f  a decrease i n  the  
funct ional  s ta te  o f  t h e  cardiovascular system. In  beginning a t h l e t e s ,  t h i s  

. r eac t ion  h d i c a t e s  i n s u f f i c i e n t  adap tab i l i t y  o f  t h e  cardiovascular system t o  
high-speed loads. In  c e r t a i n  a t h l e t e s ,  t h i s  r eac t ion  is  seen i n  a l l  examin- 
a t ions ,  over a long per iod of observation, which apparently i s  an individual  
s p e c i f i c  and ind ica t e s  i n s u f f i c i e n t  a d a p t a b i l i t y  o f  t h e  organism t o  high- 
speed loads or t he  s p e c i f i c s  o f  t he  t r a i n i n g  methods used. As t h e  state o f  
t r a i n i n g  improves, t h e  stepped r eac t ion  is usua l ly  replaced by t h e  normotonic 
react ion.  
c e r t a i n  cases be r e t a ined  i n  well t r a i n e d  a t h l e t e s .  

S t i l l ,  a f te r  t h e  high-speed load t h e  stepped increase may i n  

/ 3 2 0  
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TABLE 23. CHANGE I N  PULSE FREQUENCY AND MAXIMUM PRESSURE WITH 

i Pulse ( i n  IO sec) 
_i . . ~ - - 

I T n i t i a l  da ta  A f t e r  20 deep 
knee bends. i n  

. . . f i r s t  . ̂--. .. min . .  -- .. _1 . .=- .. 
I 

I 

- .__ -*-_ .  

A f t e r  15-sec 
run  i n  f i r s t  

- min 

- *  6 -  

f t e r  3-min run 
n f i r s t  min 

. _ _ - .  

I r 

Note. M ,  a r i t h m e t i c  mean; m y  mean square e r r o r ;  0, mean square d e v i a t i o n  
Tr .  Note: Commas i n d i c a t e  decimal p o i n t s  
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COMBINED TEST FOR SPEED AND ENDURANCE (AFTER S. P. LETUNOV) 

-_ - - - _  

Maximum a r t e r i a l  pressure 
L 

I n i t i a l  da ta  
- . __. . - . . 

A f t e r  20 deep knee 
bends i n  f i r s t  min 

.!I .' ,.' ('.! ; 

A f t e r  15-sec run  
i n  f i r s t  min 

-- 

i f t e r  3-min run 
n f i r s t  min 

_ .  . 
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TABLE 24. 

8 .  

At rest 

Pulse in  
' 10 sec , 

' l ( l ! : ] ; !  - 
Arterial 
pressure, 
mm Hg 

TABLE 25. 

D Y S T O N I C  T Y P E  OF REACTION TO THREE-MINUTE 
COMB I NED T E S T  

- . - ~  - 

After 15 sec run 
. .  

1st 1 2nd I 3rd j 4th 
Min -~ 

I 
! 

] :i j I ti I;-) , 1 I) 
- 

After 3 min run 

R E A C T I O N  TO THREE-MOMENT T E S T  W I T H  STEPPED 
INCREASE I N  MAXIMUM A R T E R I A L  PRESSURE 

.4 L : 
2 %  a, " ' After 20 deep 
.rl 

pulse in 1 i! . ] : , 

10 sec , .  

. .  . .  

., 
:,,::.,<; 

. 2 1  

" .  ] < I  
~ - ~ " _ . "  - 

Arterial 
! I : - ,  1:io pressure, . . .. . 

m m  Hg ; ( I  .::3 

- 

After 15 sec run 

1st I 2nd I3rd 4th 
. .  

After 3 min run 
. - .. . . . .  . -  

1st I 2nd I 3rd I 4th j 5th 
Min I 
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We have observed a t h l e t e s  f o r  whom the  stepped increase  i n  s y s t o l i c  
pressure  was observed f o r  months and years  and wr i t t en  o f f  as a manifestat ion 
of t h e i r  ind iv idua l  c h a r a c t e r i s t i c s .  However, observations have shown t h a t  
even t h e s e  a t h l e t e s ,  when ca re fu l  i nd iv idua l i za t ion  of t r a i n i n g  i s  used, can 
rep lace  t h i s  react ion,  with t h e  normotonic reac t ion .  A t  the  same time as t h e  
change i n  t h e  type of  reac t ion ,  t h e  s p o r t s  r e s u l t s  increase.  
i nd ica t e s  t h a t  t he  stepped type of r eac t ion  cannot be looked upon a s  a 
va r i an t  of t h e  norm. 

A l l  of  t h i s  

/321 -- The stepped increase  i n  arterial  pressure  a f t e r  t h e  15-second run 
sometimes observed i n  t r a ined  a t h l e t e s  apparent ly  depends on the  f a c t  t h a t  t he  
a t h l e t e  must perform in t ens ive  physical  loads i n  t h e  doc tor ' s  o f f i c e  without 
t h e  corresponding warm-up, which should be  considered i n  evaluat ing the  s ta te  
o f  t he  a t h l e t e .  

In a t h l e t e s  i n  the  s ta te  of f a t igue ,  over t ra in ing  o r  ove r s t r e s s ,  t h e  
stepped increase  i n  a r t e r i a l  p ressure  i s  observed not.  only a f t e r  t h e  
15-second run, bu t  a l s o  after t h e  three-minute run. 

The hypertonic type of  r eac t ion  i s  charac te r ized  by a sharp increase  i n  

The 
maximum a r t e r i a l  p ressure  (180-220 mm Hg) and a s i g n i f i c a n t  increase  i n  pulse  
frequency. 
recovery i s  usua l ly  slow (Table 26) .  

The minimum pressure  does not  change o r  increases  s l i g h t l y .  

TABLE, 26. HYPERTONIC T Y P E  O F  REACTION 
T O  THREE-MOMENT FUNCTIONAL T E S T  

' After 2o deep - -n After 15 sec run Aftef 3 min run 

--.' 

.3 1 - knee bends 
At rest 1 %  2 I--=-- 

2nd 13rd \ 1st 2nd \ 3rd 14th 1st I2nd I 3rd I 4'; 15th 

.. .. 

Pulse in 
10 sec 

1 ' 1 ,  1 1 ,  1 1  
I ! )  

I Min I Min 
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The hypertonic type of reac t ion  i s  most frequently observed i n  older  
a th l e t e s ,  i n  persons suf fer ing  from hypertension, a therosc le ros is ,  o r  i n  cases 
of fa t igue  o r  overtraining.  

If the  hypertonic reac t ion  i s  not  accompanied by any other  changes, 
t r a in ing  may be continued, but with l imi t a t ions  on t h e  load and with repeated 
medical examination. 

The hypotonic type of reac t ion  i s  character ized by a considerable 
increase i n  pulse frequency with a s l i g h t  increase i n  s y s t o l i c  pressure,  which 
sometimes does not increase ,  o r  even decreases. 
change, o r  sometimes increases .  The recovery per iod i s  long (Table 27) .  The 
hypotonic type of reac t ion  t o  the  t e s t  i s  observed when t h e  funct ional  
capacity of t h e  cardiovascular system i s  decreased, f requent ly  a f t e r  in fec t -  
ious diseases .  

The minimum pressure does not  - /322 

TABLE 27. HYPOTONIC TYPE OF REACTION TO THREE-MOMENT 
COMB I NED T E S T  

.. 

. .  .- ..... . . .  

4 :! 

. . . . . .  . . . . . . . . . . . .  

I After 15 sec run ' 

. . . . . . . . . . . . . .  

l s t ( 2 n d  I 3rd(4th 

After 3 min run 
. . . .  . .  

l s d  2ndI 3rd I 4th 15th 
I Min 

The three-moment combined funct ional  t e s t  r e f l e c t s  the  s t a t e  of t r a i n i n g  
.and working a b i l i t y  o f  t he  a t h l e t e  r e l a t i v e l y  b e t t e r  than the  o ther  tests.  

The react ions t o  the  physical loads of t he  funct ional  t e s t s  depend t o  a 
great  extent on the  individual  spec i f i c s  of t h e  organism of t h e  a th l e t e s .  
From t h i s ,  the  proper evaluation of the  t e s t  da ta  with the  purpose of 
determining the  s ta te  of t r a in ing  i s  poss ib le  only by dynamic obs.ervations of 
the  a th l e t e s .  A t  t he  same time, t h e  funct ional  changes i n  the  cardiovascular 
system, as well as cha rac t e r i s t i c s  of fa t igue ,  overtraining and overs t ress  i n  
most a t h l e t e s  w i l l  be seen with one-time medical examination using measured 
loads. The r e s u l t s  of a funct ional  t e s t  can be used t o  detemi,ne t h e  general 
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s t a t e  of t r a i n i n g  of  a t h l e t e s  and i n  p a r t i c u l a r  t h e  s t a t e  of t r a i n i n g  f o r  
speed or endurance. 

Our da t a ,  summarizing t h e  r e s u l t s  01 medical i nves t iga t ion  and pedagogic 
observat ions,  i n  most cases  (95.3%) showed good a d a p t a b i l i t y  of t h e  cardio- 
vascular  system t o  t h e  physical  loads i n  t h e  funct ional  t e s t  and a t  t h e  same 
time good working a b i l i t y  of  t h e  a t h l e t e  under conditions of t r a i n i n g  and 
competition and high spor t s - technica l  r e s u l t s .  A t  t h e  same time i n  4 . 7 %  of  /323 
t he  cases  w e  d id  not  observe complete correspondence between the  da t a  of 
medical examination charac te r iz ing  t h e  s t a t e  of t r a i n i n g  and t h e  s p o r t s  
r e s u l t s .  The problem i s  t h a t  t h e  spor t s - technica l  r e s u l t s  of t he  a t h l e t e ,  i n  
addi t ion  t o  h i s  physical  condi t ion,  are determined by t h e  t a c t i c a l  condi t ions 
of comp,etition, t h e  technica l  t r a i n i n g  of t h e  a t h l e t e ,  h i s  q u a l i t i e s  of  morale 
and w i l l ,  t h e  condi t ions of performance of  the  competition and o the r  f a c t o r s .  
Therefore, it is  not  always j u s t i f i e d  t o  consider t h a t  a good func t iona l  s t a t e  
based on the  da t a  of the  func t iona l  t e s t  allows an a t h l e t e  t o  achieve high 
competit ive r e s u l t s .  

N. D. Grayevskaya e t  al .  (1960) showed t h a t  t h e  da t a  from inves t iga t ion  
of  t h e  cardiovascular  system using t h e  func t iona l  t e s t ,  l i k e  o t h e r  d a t a  of 
medical examination, a r e  more l a b i l e  during t h e  i n i t i a l  per iod of  t r a i n i n g  i n  
each season, while t h e  bes t  i nd ica to r s  of t h e  func t iona l  t e s t  a r e  produced i n  
the  s t a t e  of  good t r a i n i n g .  For t he  same a t h l e t e  i n  a good s t a t e  of  t r a i n i n g  
but i n  d i f f e r e n t  years ,  constancy of t h e  ind ica to r s  of  t h e  func t iona l  t e s t  
w i l l  be noted. In  the  s t a t e  of i n s u f f i c i e n t  t r a i n i n g ,  considerable  f luc tu -  
a t ions  of these  values w i l l  be noted f o r  t h e  same.athlete .  

The da ta  of i nves t iga t ion  of t he  cardiovascular  systems of  a t h l e t e s  using 
the  func t iona l  t e s t ,  i nd ica t ing  a change i n  the  state' of t r a i n i n g  'of t h e  
a t h l e t e ,  i n  most cases  agree with o the r  da t a  from medical i nves t iga t ion  char- 
ac t e r i z ing  improvement of t he  s t a t e  of t r a in ing .  These da t a  include 
func t iona l  i nd ica to r s  of physical  development, t h e q u l s e  frequency a t  r e s t ,  a 
change i n  the  motor r eac t ion  time, change i n  f ee l ing ,  e t c .  

In  various s t a t e s  of t r a i n i n g ,  t h e  r eac t ion  of  t he  cardiovascular  system 
t o  physical  loads,  t he  func t iona l  t e s t  f o r  speed and endurance d i f f e r  and 
depend on the  s t a t e  of  t r a i n i n g .  As t h e  s t a t e  of  t r a i n i n g  increases ,  t h e  
r eac t ion  of  t h e  pulse  and a r t e r i a l  p ressure  become more economical, and the  
recovery per iod i s  acce lera ted .  

The changes i n  pulse  and blood pressure  a f t e r  t h e  func t iona l  t e s t  depend 
on the  s p e c i f i c  f ea tu re s  o f  t he  nervbus system of  t h e  t e s t  sub jec t ,  t h e  time 
and condi t ions of  examination, t h e  degree of  t h e  preceding load and t r a i n i n g ,  
t he  a c t i v i t y  of t h e  a t h l e t e  during t h e  performance o f  t h e  physical  load of t h e  
t e s t  i t s e l f  and many o the r  f ac to r s ,  which should be considered during the  
performance of  examinations and evaluat ion of t he  r e s u l t s  of t h e  t e s t .  

Functional t e s t s  a r e  of  important d iagnos t ic  s ign i f icance  i n  determin- 
a t ion  o f  f a t igue ,  ove r s t r e s s  and over t ra in ing .  A change i n  the  normal /324 
a d a p t a b i l i t y  of  t he  c i r cu la to ry  apparatus t o  physical  loads i s  one of t h e  
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p r i n c i p a l  c r i t e r i a  f o r  these  states. 
loading during ove r s t r e s s  and over t ra in ing  may be i d e n t i c a l ,  although i n  the  
overs t ressed  s t a t e  we more f requent ly  see t h e  a s then ic  (or hypotonic) reac-  
t i o n ,  while i n  t h e  state of over t ra in ing  w e  genera l ly  s e e  t h e  stepped and 

Changes i n  t h e  r eac t ion  t o  physical  

hypertonic reac t ions .  . .  

As we know, th ree  s t ages  a r e  observed i n  the  development of t he  s t a t e  of 
over t ra in ing ,  each of  which is charac te r ized  by a number of  symptoms and 
c e r t a i n  ind ica to r s  i n  var ious methods of i nves t iga t ion  (see Chapter XIII). 
Among t h e  l a t t e r ,  t h e  func t iona l  tests of the  cardiovascular  system have an 
important pos i t i on  and provide t h e  doctor  with r a t h e r  p r e c i s e  data .  Thus, i n  
t he  f irst  s tage  of  over t ra in ing  when t h e  physical  loading is  appl ied,  wors.- 
ening of  t h e  adap tab i l i t y  o f  t he  c i r c u l a t o r y  apparatus t o  high-speed loads is  
noted. 
only t o  high-speed loads,  but t o  endurance loads is  a l s o  noted. In  t h e  t h i r d  
s t age  o f  over t ra in ing ,  unsa t i s f ac to ry  "stepped" r eac t ions  a r e  noted i n  a l l  
t h r e e  p a r t s  of t h e  func t iona l  tes t .  

In  t h e  second s t age  of  over t ra in ing ,  worsening of  t h e  adap tab i l i t y  not  

Frequently, t h e  "stepped" type of r eac t ion  i s  t h e  e a r l i e s t  i nd ica t ion  of 
t h e  onset of over t ra in ing ,  s ince ,  i n  addi t ion  t o  t h i s ,  no o the r  devia t ions-are  
noted. In  each case,  t h e  "stepped" type of  r eac t ion  requi res  ca re fu l  ana lys i s  
of i t s  causes. Sometimes t h i s  r eac t ion  r e s u l t s ,  as we s t a t e d  above, not  from 
phenomena o f  f a t igue ,  but  from i n s u f f i c i e n t  a d a p t a b i l i t y  of t h e  organism t o  
high-speed work as a r e s u l t  .of ind iv idua l  s p e c i f i c s  o r  i n s u f f i c i e n t  t r a i n i n g  
f o r  fast work. 

An evaluat ion of  t h i s  phenomenon is  much e a s i e r  with dynamic observ- 
a t ions .  
i n t ens ive  t r a i n i n g ,  t h i s  i s  a c l e a r  s ign  o f  f a t igue ;  a temporary decrease i n  
the  load, p a r t i c u l a r l y  as concerns high-speed work, i s  required.  

Thus, i f  t h e  "stepped" type of r eac t ion  appears i n  t h e  process of  

The r e s u l t s  of medical examinations ind ica t ing  a worsening of the  
func t iona l  s t a t e  f requent ly  correspond t o  the  d a t a  obtained from t r a i n e r s .  
However, sometimes t h e  doc tor  sees  e a r l i e r  s igns  of a worsening of the  s t a t e  
which a r e  found only considerably l a t e r  i n  a decrease i n  t h e  working a b i l i t y  
and worsening of t h e  spo r t s  r e s u l t s .  This i n  most cases  r e l a t e s  t o  f a t igue  
and t o  the  e a r l y  s tages  of  over t ra in ing .  It  should be noted t h a t  t h e  func- 
t i o n a l  t e s t s  o f  t he  cardiovascular  system are a l s o  one of  the  most important 
c r i t e r i a  f o r  recovery of t h e  organism of a t h l e t e s  a f t e r  overs t ress ,  over- 
t r a i n i n g  o r  f a t igue .  

Spec i f i c  loads i n  t h e  funct ional  test. In  most funct ional  t e s t s  used i n  - /325 
spor t s  medicine, t he  s tandard load i s  not r e l a t e d  t o  the  type of  spo r t s .  
doctors  use s p e c i f i c  physical  loads r e l a t e d  t o  t h e  type of spo r t s  involved i n  
performing t h e  func t iona l  t e s t s  -- so-ca l led  s p e c i f i c  t e s t s .  
t h a t  t h e  na ture  of t h e  response r eac t ion  t o  t h e  physical  load w i l l  r e f l e c t  t h e  
s p e c i f i c s  of t h e  ac t ion  on the  cardiovascular  system of t h e  given type of 
spo r t s .  
and assumptions a r e  s t a t e d  pe r iod ica l ly  concerning t h e  performance of 

Some 

It  i s  assumed 

Up t o  t h e  present  time, t h e r e  i s  no s i n g l e  opinion on t h i s  quest ion,  
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d i f f e r e n t i a t e d  func t iona l  tests considering t h e  s p e c i f i c s  of  a type of spo r t s  
i n  the  examination o f  q u a l i f i e d  a t h l e t e s .  

A number of i nves t iga t ions  have been performed on t h e  quest ion of t h e  
adaptive r eac t ion  o f  t h e  organism t o  s p e c i f i c  and nonspecif ic  loads 
(N. D. Grayevskaya, Ye. V. Kukolevskaya, V. N. Kuz'mina, V. A. Sergeyev, 
Ye. F. Likhachovskaya). Thus, N. D. Grayevskaya, G.  A. Goncharova and 
V. V. Matov (1960) inves t iga t ed  f o o t b a l l  p layers ,  boxers and b i c y c l i s t s ,  who 
were requested t o  perform t h r e e  types of high-speed loads: 
work with t h e  high-speed bag and the  s t a t i o n a r y  b icyc le .  
type of work was 15 sec  with an i n t e r v a l  between loadings of of  20 min. 
I t  was considered t h a t  t h e  s p e c i f i c  high-speed loading f o r  t h e  foo tba l l  
p layers  was t h e  fast run, while t he  bag work and b icyc l ing  were non- 
spec i f i c .  For the  boxers, t h e  s p e c i f i c  load was t h e  bag, f o r  t he  
b i c y c l i s t s  -- t h e  b icyc le ,  while the  remaining physical  loads were non- 
spec i f i c .  In  addi t ion  t o  t h e  combined medical inves t iga t ion ,  t he  pulse  was 
measured, t he  arterial  pressure  was measured, t h e  oxyhemogram, pneumogram, 
electrocardiogram (before  and after loading) were a l l  taken. In  these  
inves t iga t ions ,  t he  p r i n c i p a l  i nd ica to r s  of t he  process of a d a p t a i i l i t y  of t he  
organism t o  physical  loads were determined -- a b i l i t y  t o  w a r m  up, reac t ion  and 
recovery. 

running i n  p lace ,  
The durat ion of  each 

. A s  a r e s u l t  o f  t h e  inves t iga t ions ,  it was determined t h a t  i n  most cases  
(90% of  the  t e s t  s u b j e c t s ) ,  t h e  same types of reac t ions  were de tec ted  f o r  a l l  
forms of loads,  both s p e c i f i c  and nonspecif ic .  

An i nves t iga t ion  was performed i n  t h i s  same area by Ye. F. Likhachovskaya 
f o r  runners and boxers using t h e  method of  mechanocardiography. The a t h l e t e s  
performed rap id  running i n  p lace  a t  maximum poss ib le  r a t e  f o r  15 sec  and 
worked with the  l i g h t  bag ( a l so  a t  the  maximum poss ib l e  r a t e  f o r  15 sec ) .  The 
s y s t o l i c  volume and blood volume p e r  minute, t h e  values  of  minimum, mean, 
l a t e r a l  and f i n a l  s y s t o l i c  pressure ,  t h e  per iphera l  r e s i s t ance ,  r a t e  of 
propagation of  t h e  pulse  wave through e l a s t i c  and muscular type a r t e r i e s  were 
determined. I t  was found t h a t  i n  90% of t h e  cases ,  t h e  same type of r eac t ion  
t o  both loads was noted i n  t h e  same a t h l e t e ,  both s p e c i f i c  and nonspecif ic .  /326 

R. Ye. Motylyanskaya, I .  Ye. Pulkina,  L .  I .  Stogova, I .  D. Surkina, 
L.  N.  Fatyugova, M. P. Ivanova (1960) s tud ied  t h e  inf luence of  s p e c i f i c  and 
nonspecif ic  physical  loads i n  weight l i f t e r s .  I d e n t i c a l  values  of  decrease i n  
the  l eve l  of oxygenation of t he  blood were observed i n  l i f t i n g  t h e  weights and 
r id ing  the  s t a t iona ry  b icyc le ,  along with similar pneumograms, similar values  
of  pulmonary v e n t i l a t i o n ,  presence of  t h e  Lindhard phenomenon, e t c .  The 
funct ional  changes i n  c i r c u l a t i o n  and r e s p i r a t i o n  both i n  weight l i f t i n g  and 
i n  work on t h e  s t a t i o n a r y  b i cyc le  were almost i d e n t i c a l .  The change i n  t h e  
pulse ,  a r t e r i a l  p ressure ,  e lec t rocard iographic  da t a ,  l eve l  of blood oxygen- 
a t ion ,  pneumographic da ta ,  va lue  of pulmonary v e n t i l a t i o n ,  presence of  t he  
Lindhard phenomenon, e t c .  a f t e r  repeated s p e c i f i c  and nonspecif ic  physical  
loads were q u i t e  s imi l a r ,  and i n  some a t h l e t e s  corresponded completely. 

. 
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K .  F. .Slavolyubova and G. A. Goncharova (1960) s tud ied  t h e  r eac t ion  of 
t he  cardiovascular  system of swimmers t o  the  combined, three-moment func t iona l  
test .  These same a t h l e t e s  s w a m  25 m (high-speed load)  and 400 m (load f o r  
endurance), i .e.  an inves t iga t ion  was performed for  a s p e c i f i c  physical  load 
f o r  swimmers. During t h e  process  o f  t h e  inves t iga t ion  it was found t h a t  t h e  
da t a  of a d a p t a b i l i t y  of the  cardiovascular  system t o  running and swimming i n  
swimmers was i d e n t i c a l ,  t h e  changes i n  pulse  and arterial  pressure  and type 
of  r eac t ion  being dependent on t h e  s ta te  of t r a i n i n g  of t h e  a t h l e t e s .  
i nves t iga t ions  performed showed t h a t  t h e  d i r ec t ion  and i n t e n s i t y  of t he  
changes i n  t h e  organism o f  t h e  a t h l e t e  during and a f t e r  t h e  physical  load 
( s p e c i f i c  and nonspecif ic)  occurred i d e n t i c a l l y  i n  the  overwhelming majori ty  
according t o  the  ind ica to r s  produced by t h e  var ious methods. 

The 

I n  spo r t s  t r a i n i n g  i n  order  t o  master var ious movements, i . e . ,  i n  t he  
process of  improvement of t h e  motor s k i l l s -  complex and p rec i se  i n t e r r e l a t i o n -  
sh ips  a r e  es tab l i shed ,  improved and automated i n  t h e  cerebra l  cor tex ,  r e l a t e d  
t o  the  work o f  var ious  muscular groups. 
t he  dynamic s te reo type  of t h e  motor a c t .  

This determines t h e  s p e c i f i c i t y  o f  

However, t h e  vege ta t ive  component of  t h e  dynamic s te reo type  apparent ly  
has no grea t  s p e c i f i c i t y .  

. Thus, the  inves t iga t ions  described above have shown t h a t  t h e  response 
r eac t ion  of  t h e  organism r e s u l t s  not from t h e  s t r u c t u r e  and form of  t h e  motor 
a c t ,  but  r a t h e r  from t h e  i n t e n s i t y  and durat ion of t he  muscular work. 
Consequently, i n  t h e  doc to r ' s  o f f i c e  during examination of a t h l e t e s  from 
various branches of  s p o r t s ,  it is  expedient t o  use  a un i f i ed  func t iona l  t es t ,  

, which makes it poss ib l e  to evalua te  t h e  general  l e v e l  of t r a i n i n g  properly.  

The usage of physical  exerc ises  s p e c i f i c  f o r  each concrete  type of spor t s  - /327 
should be recommended not under o f f i c e  condi t ions,  but during t r a i n i n g  i n  the  
gymnasium, stadium, pool,  e t c .  Inves t iga t ions  of spo r t s  t r a i n i n g  under 
na tu ra l  condi t ions,  when the  a t h l e t e s  must perform g rea t  physical  loads,  
c h a r a c t e r i s t i c  only f o r  a given type of spo r t s ,  a r e  d i r e c t e d  toward the  
determination of  t h e  so-ca l led  spec ia l  s t a t e  of t r a i n i n g .  

Invest igat ions w i t h  repeated physical loads. I t  can be seen from the  
mater ia l  ou t l ined  above t h a t  t h e  usage of func t iona l  t e s t s  of t he  cardio- 
vascular  system f a c i l i t a t e s  t h e  determination of  t h e  func t iona l  c a p a b i l i t i e s  
of t h e  organism of t h e  a t h l e t e  and thus  determines h i s  general  l eve l  of 
t r a in ing .  Also, t he  p r a c t i c e  of work has placed an important problem before 
spo r t s  medicine, t h a t  of determining t h e  s p e c i a l  s t a t e  o f  t r a i n i n g ,  which is  
being successfu l ly  developea at t h e  present  time. In  t h i s  problem, among t h e  
main cr i ter ia  a r e  t h e  ind ica to r s  o f  hemodynamic changes and t h e  response t o  a 
s p e c i f i c  repeated load. 

The process of  t r a i n i n g  exerc ises  'and competition provides t h e  bes t  
p o s s i b i l i t i e s  f o r  determination of t h e  capab i l i t y  o f  a t h l e t e s  t o  maximum 
muscular e f f o r t .  The development o f  physical  q u a l i t i e s ,  occurring 
toge ther  with improvement o f  t h e  motor s k i l l s  i n  t h e  form of s p o r t s  se lec ted ,  
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manifests  i t s e l f  i n  an improvement of  t h e  a d a p t a b i l i t y  of t he  organism t o  
loads s p e c i f i c  f o r  t he  concrete  a c t i v i t y  of t h e  a t h l e t e  i n  question. Special  
t r a in ing  of t he  a t h l e t e  determines t h e  l eve l  of  development o f  t he  func t iona l  
c a p a b i l i t i e s  of t h e  organism f o r  t h e  performance of a given type of movement, 
determined by t h e  form of spo r t s .  

In  order  t o  determine t h e  spec ia l  s t a t e  of t r a in ing ,  t he  doctor must 
determine not only the  general  funct ional  c a p a b i l i t i e s ,  but a l s o  the  degree of  
adap tab i l i t y  of  t he  organism t o  the  maximum physical  s t r e s s e s  i n  the  concrete  
form of  motor a c t i v i t y ,  i . e .  i n  t he  form of  s p o r t s  se lec ted ,  The s p e c i a l  
s t a t e  of t r a i n i n g  i s  se l ec t ed  by studying t h e  response r eac t ion  of t h e  
cardiovascular  system t o  repeated physical  loads of maximum i n t e n s i t y ,  
s p e c i f i c  f o r  a given type of spo r t s .  

I t  should be considered t h a t  t he re  i s  a c lose  r e l a t ionsh ip  between 
general  and spec ia l  s ta te  of t r a i n i n g ,  s ince  only on the  b a s i s  of good 
general  t r a i n i n g  can spec ia l  t r a i n i n g  develop and improve. However, f r e -  
quently even i n  t h e  main t r a i n i n g  per iod,  with a high l e v e l  o f  general  
t r a i n i n g  we f ind  i n s u f f i c i e n t  s p e c i a l  t r a in ing ,  which l i m i t s  t h e  a t h l e t e  i n  
t h e  achievement of  high and s t a b l e  r e s u l t s .  These f a c t s  a r e  o f  g rea t  
s ign i f i cance  not only f o r  spo r t s  medicine, but  f o r  t h e  p r a c t i c e  of spo r t s .  
The determination of a spec ia l  s t a t e  of t r a i n i n g  i s  performed i n  the  process 
of medical-pedagogic observat ions and performed under na tu ra l  condi t ions o f  
spo r t s  t r a in ing .  

/328 

In  inves t iga t ions  performed i n  recent  y e a r s ; t h e  changes occurring i n  the  
organism of t h e  a t h l e t e  during the  process of repeated loads and the  i n t e r v a l s  
between them have been s tudied .  
of t r a i n i n g  during inves t iga t ions  with repeated loads a r e  the  func t iona l  
changes i n  t h e  sho r t  i n t e r v a l s  between loads and t h e  dynamics of  t he  change i n  
ind ica to r s  of  t h e  working a b i l i t y .  The changes occurring i n  the  process of  
repeated loads i n  the  work of  t h e  c i r cu la to ry  apparatus a l so  r e f l e c t  t h e  
speed of  t he  process of development of q u a l i t y ,  which i s  c lose ly  r e l a t e d  t o  
the  spec ia l  s t a t e  of t r a i n i n g  of t h e  a t h l e t e .  Rapid warm-up i s  c h a r a c t e r i s t i c  
for well t r a ined  a t h l e t e s ,  while slow warm-up or a worsening of  the  a b i l i t y  t o  
w a r m  up with repeated physical  load i s  c h a r a c t e r i s t i c  of  t h e  poorly t r a ined  
a t h l e t e .  An i nves t iga t ion  of func t iona l  changes i n  the  i n t e r v a l s  between 
repeated loads allows us  t o  determine the  dynamics ,of recovery, which i s  one 
of t he  ind ica to r s  of t he  s t a t e  of  t r a in ing .  

The ind ica to r s  determining the  s p e c i a l  s t a t e  

The s e l e c t i o n  of  physical  loads i s  performed as appl icable  t o  t h e  form of 
spo r t s ,  f o r  example i n  an inves t iga t ion  of swimmers, a swimming load i s  given, 
f o r  runners -- a running load, f o r  heavy a t h l e t e s  -- exerc ises  involving 
weight l i f t i n g ,  f o r  s k i e r s  -- sk i ing ,  e t c .  The magnitude of t h e  repeated 
loads is  determined j o i n t l y  with t h e  t r a i n e r ,  considering the  l eve l  of  
t r a i n i n g  of the  a t h l e t e ,  t he  per iod of  t r a i n i n g ,  etc. I t  i s  necessary t h a t  
t he  physical  load which t h e  a t h l e t e  must perform approximate i n  i t s  i n t e n s i t y  
o r  magnitude t h e  maximum poss ib l e  f o r  t h e  given a t h l e t e .  
loads depends on the  physical  q u a l i t i e s  t o  be inves t iga ted  t o  t h e  g r e a t e s t  
ex ten t  -- speed, high-speed endurance, general  endurance, o r  s t r eng th .  

The s e l e c t i o n  of  t h e  
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The repeated physical  loads used i n  the  inves t iga t ions  are usua l ly  not  
i d e n t i c a l  f o r  r ep resen ta t ives  of  var ious types of s p o r t s ,  bu t  are always 
i d e n t i c a l  f o r  t he  same a t h l e t e .  
determined by h i s  response r eac t ion  t o  repeated exerc ises  performed over sho r t  
d i s t ances  with maximum speed of  movement, whereas endurance or high-speed 
endurance i s  charac te r ized  by t h e  response r eac t ion  t o  repeated exerc ises  of 
considerable  volume but lower i n t e n s i t y .  The i n t e r v a l s  between r e p e t i t i o n s  
are s t r i c t l y  s tandard and vary between two and t en  minutes. 
medicine, t a b l e s  have been developed which determine t h e  content  o f  t he  t e s t s  
with repeated physical  loadings f o r  a t h l e t e s  o f  var ious types of  spo r t s .  

The speed q u a l i t i e s  of  t h e  a t h l e t e  a r e  

In  spo r t s  

Inves t iga t ions  of t h e  s p e c i a l  s t a t e  of  t r a i n i n g  by t h e  method'of repeated 
loadings i s  used i n  those  types  of spo r t s  which are charac te r ized  by varying 
movement s t ruc tu res :  a )  i n  cyc l i ca l  types of s p o r t s  (running, swimming, 
ska t ing ,  sk i ing ) ;  b) i n  a number of acyc l i c  types,  where each exerc ise  i s  a /329 
complete ac t ion  ( l i f t i n g  of  weights, throwing, gymnastic exerc ises )  and c) i n  
mixed types (long jump, high jump, e t c . ) .  

- 

In types of spo r t s  charac te r ized  by i n d e f i n i t e  forms o f  movement ( foot-  
b a l l ,  baske tba l l ,  v o l l e y b a l l ,  e t c . ) ,  t h e  d e f i n i t i o n  of  t he  s p e c i a l  s t a t e  of 
t r a i n i n g  i s  performed on the  b a s i s  of determination of t h e  adap tab i l i t y  of m e  
organism t o  repeatedly performed exerc ises  as t e s t  i nves t iga t ions .  

Before beginning t h e  performance of  i nves t iga t ions  involving repeated 
loads,  the  pulse  frequency and r e s p i r a t i o n  a r e  determined i n  the  a t h l e t e  i n  
t h e  s i t t i n g  pos i t i on  a t  r e s t ,  t he  ar ter ia l  pressure  i s  measured, and t h e  
a t h l e t e ' s  fee l ings  a r e  recorded. 
warm-up. After t h e  warm-up, t h e  t e s t  exerc ises  a r e  performed. 

After  t h i s ,  t he  a t h l e t e  performs h i s  usual  

During t h e  f irst  minute of each i n t e r v a l  between the  repeated loadings,  
t h e  pulse  i s  measured ( f i r s t  t e n  seconds), along with t h e  a r t e r i a l  pressure 
(during the  next 20-30 s e c ) ,  then the  r e s p i r a t i o n  i s  counted ( f o r  10 o r  
15 sec)  and an electrocardiogram i s  recorded. 
during t h e  second and subsequent minutes between repeated loads i n  the  same 
sequence. In order  t o  assure  objec t ive  examination, any ex terna l  character-  
i s t i c s  i nd ica t ing  f a t igue  a r e  noted, and t h e  answers t o  quest ions concerning 
t h e  a t h l e t e ' s  f e e l i n g s  a r e  recorded. 

A l l  i nd ica to r s  a r e  recorded 

. 

Upon completion of t he  inves t iga t ion ,  t h e  a t h l e t e  once more performs h i s  
physical  loading. An important addi t ion during the  performance of a t e s t  is 
ob jec t ive  instrumental  recording of  t he  work performed. For example, 
speedographic recording of  s ec to r s  of d i s tances  run,  e t c .  Usually, t h e  time 
required t o  cover each d is tance ,  weight of weights l i f t e d ,  e t c .  a r e  recorded. 

The advantage of  t h e  method of repeated loads over s tandard funct ional  
tests i s  the  p o s s i b i l i t y  of comparing the  working a b i l i t y  on t h e  bas i s  of t he  
time required t o  cover d is tances ,  weights l i f t e d ,  e t c .  and the  adap tab i l i t y  of 
t h e  organism from the  response r eac t ion  t o  t h e  repeated exerc ises .  Frequently 
t h e  da t a  charac te r iz ing  var ious aspects  of t he  s t a t e  of t r a i n i n g  vary i n  the  
same d i r ec t ion ,  i nd ica t ing  good, s a t i s f a c t o r y  o r  unsa t i s f ac to ry  s t a t e  of 
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t r a in ing .  However, o the r  v a r i a n t s  are noted, when an exerc ise  performed well  
i s  combined with poor r eac t ion  of  t h e  organism. This ind ica tes  t h a t  the  high 
r e s u l t  was achieved by extraordinary expenditure of e f f o r t s .  This va r i an t  , _  
i nd ica t e s  i n s u f f i c i e n t l y  s t a b l e  func t iona l  preparedness of t h e  a t h l e t e .  I t  i s  
i n  these  cases  t h a t  development o f  ove r s t r e s s  i s  most probable.  
a l s o  good adap tab i l i t y  i s  observed with moderate or poor working a b i l i t y ,  
which ind ica t e s  t he  p o s s i b i l i t y  o f  increasing t h e  volume or i n t e n s i t y  of t h e  

performance of t he  test  exerc ises  and the  adaptat ion t o  the  exerc ises  of t h e  
c i r cu la to ry  apparatus a r e  q u i t e  important f o r  a more complete evaluat ion of 
t h e  s t a t e  of t r a i n i n g  and proper cons t ruc t ion  of t he  t r a i n i n g  regime. 

A s  t he  s t a t e  of  t r a i n i n g  increases  i n  a t h l e t e s ,  a marked change i n  t h e  
response r eac t ion  i s  observed i n  the  inves t iga t ions  with repeated physical  
loads,  manifesting i tself  i n  a more favorable r e l a t ionsh ip  of t he  pulse  and 
a r t e r i a l  pressure change a f t e r  loading, as well  as i n  more rap id  recovery of 
these  ind ica tors .  
r eac t ion  of t h e  organism t o  t h e  standard loads both i n  t h e  func t iona l  t e s t  and 
under t r a i n i n g  condi t ions.  As t h e  s t a t e  of t r a i n i n g  increases ,  t h e  a t h l e t e  
shows improvement i n  h i s  a d a p t a b i l i t y  t o  na tu ra l  t r a i n i n g  loads and recovery 
occurs considerably more rap id ly .  
usua l ly  determined not only i n  an inves t iga t ion  of t h e  e f f e c t s  of t he  
t r a i n i n g  exerc ise  as a whole, but  a l s o  i n  an inves t iga t ion  of physiological  
changes i n  the  organism of  t h e  a t h l e t e  during var ious p a r t s  of t he  t r a i n i n g  
exerc ise .  

Frequently 

/330 t e s t  exerc ises .  Thus, v a r i a n t s  of combinations between the  q u a l i t y  of - 

A c e r t a i n  pa ra l l e l i sm i s  noted i n  t h e  changes i n  t h e  

The s p e c i f i c s  of  t h e  s t a t e  of t r a i n i n g  a r e  

Cases are f requent ly  observed when during an extended per iod  of 
i nves t iga t ion  of a t h l e t e s  using t h e  func t iona l  t e s t ,  t he  cardiovascular  system 
r e l i a b l y  ind ica t e s  good s t a t e  of t r a i n i n g ,  while t h e  da t a  from inves t iga t ions  
using repeated physical  loads continue t o  improve. This phenomenon i s  
explained by the  following: t he  physiological  mechanisms of expansion of t he  
func t iona l  capac i t i e s  a r e  e s s e n t i a l l y  i d e n t i c a l  both f o r  the  general  s t a t e  of 
t r a i n i n g  and t h e  spec ia l  state of t r a i n i n g .  However, the  l eve l  of  spec ia l  
t r a i n i n g ,  i n  con t r a s t  t o  t h e  general  s t a t e  of t r a i n i n g ,  r e s u l t s  from an 
increase  i n  f i n e r  d i f f e r e n t i a l  coordinat ion connections, improvement of 
s p e c i f i c  motor and vegeta t ive  r e f l exes  f o r  t he  given type of s p o r t s ,  and 
formation of a b e t t e r  and more d i f f e r e n t i a t e d  dynamic s te reo type .  
is achieved only on the  b a s i s  of  a r a t h e r  high l eve l  of general  t r a i n i n g  and 
physical  t r a i n i n g  o f  t he  a t h l e t e .  
charac te r ized  by optimal i n t e r r e l a t i o n s h i p s  of the  a c t i v i t y  of a l l  organs and 
physiological  systems i n  t h e  organism of the  a t h l e t e .  

A l l  of  t h i s  

Only a high l eve l  of t r a i n i n g  can be 

Recent i nves t iga t ions  by Yu. K .  Shkhvatsabaya (1964), V. M. Solov'yev 
(1965) and o the r s  have demonstrated the  promise of using the  da t a  from phase 
ana lys i s  of card iac  a c t i v i t y  f o r  an evaluat ion of  t h e  reac t ion  of t he  
c i r cu la to ry  apparatus t o  the  loadings i n  func t iona l  t e s t s .  The authors  
.considered changes i n  t h e  phase s t r u c t u r e  of t he  card iac  cycle  during work and 
during the  recovery period. This expansion of t h e  card io logica l  information 
has allowed e a r l y  forms of ove r t r a in ing  and f a t i g u e  t o  be discovered. 
i nves t iga t ions  of A. D.  Budkov (1965, 1966), who defined the  durat ion of t h e  

The 
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phases of t h e  card iac  cycle  d i r e c t l y  under t r a i n i n g  condi t ions,  are of grea t  
value as well. He succeeded i n  showing t h a t  t h e  changes i n  t h e  chrono- 
cardiogram are determined by t h e  volume and i n t e n s i t y  of t h e  t r a i n i n g  loads. 
The objec t ive  c r i te r ia  -- degree of phase s h i f t s ,  rate of recovery of  i n i t i a l  
phase durations -- were important supplementary f a c t o r s  i n  cont ro l l ing  the  
t r a in ing  regime. 

Orthostatic T e s t s  

Tests involving changes i n  t h e  body pos i t i on  are used t o  study t h e  
regula t ion  of per iphera l  c i r cu la t ion .  
pos i t i on  t o  t h e  ver t ica l  pos i t ion ,  due t o  t he  change i n  t h e  hydros ta t ic  
condi t ions,  the  r e tu rn  of veinous blood t o  the  hea r t  i s  decreased. The 
r ed i s t r ibu t ion  of  blood leads t o  a decrease i n  pressure i n  t h e  ca ro t id  s inus.  
The s y s t o l i c  output i s  decreased. 
by increasing t h e  card iac  rhythm. 
remains unchanged. 
v e r t i c a l  pos i t ion  due t o  t h e  contract ion o f  c o l l a t e r a l s  i n  the  a r t e r i a l  
system. 

Upon t r a n s i t i o n  from the  horizontal  

The blood volume p e r  minute is  maintained 
The s y s t o l i c  pressure  decreases s l i g h t l y  o r  

The d i a s t o l i c  pressure increases  upon t r a n s i t i o n  t o  the  

One of t he  f a c t o r s  helping t o  maintain a s u f f i c i e n t  veinous r e tu rn  is t h e  
contract ion of t h e  l e g  muscles. 
pos i t ion ,  t he  changes i n  card iac  a c t i v i t y  depend t o  a ce r t a in  extent  on 
muscular force.  Apparently, t h e  d i f fe rence  i n  t h e  reac t ion  t o  t h e  o r t h o s t a t i c  
test  of  a t h l e t e s  and heal thy persons not  involved i n  spo r t s  i s  r e l a t e d  t o  t h i s  
( i n  addi t ion  t o  t h e  nature  of regula t ion) .  In  order  t o  stvdy t h -  inf luence of 
r ed i s t r ibu t ion  of blood determined by hydros ta t ic  f ac to r s ,  t he  most 
s u i t a b l e  mechanism i s  t h e  passive niechanism of  changes i n  body pos i t ion .  
However, t h i s  requi res  t h a t  a spec ia l  tilt t a b l e  be ava i lab le .  

In general  during ac t ive  changes of  t h e  body 

In c l i n i c a l  p rac t i ce ,  t he  method most used i s  t h a t  of Schellong (1937), 
i n  which the  ar ter ia l  pressure i s  measured i n  a t e s t  subject  i n  the  lying 
pos i t ion  repeatedly using the  Korotkov method, a t  i n t e r v a l s  of  one minute, 
along with a measurement of t h e  pulse  frequency ( u n t i l  s t a b l e  r e s u l t s  are 
produced). 
a free,  unstressed pos i t ion .  
pos i t ion ,  then each minute t h e r e a f t e r ,  t he  pulse  frequency and ar ter ia l  
pressure are measured. In  t h e  opinion of S. P. Letunov and R. Y e .  Motylyan- 
skaya (1951), t h e  changes i n  pulse  frequency and a r t e r i a l  pressure during t h e  
f i rs t  15 sec  can be used t o  determine t h e  e x c i t a b i l i t y  of t h e  sympathetic 

na ture  of t h e  recovery of t h e  tonus of  t h e  vegetat ive nervous system which 
changed when t h e  pos i t i on  was changed. 

Then the  tes t  subjec t  qu ie t ly  arises and stands f o r  ten  minutes i n  
Immediately a f te r  t h e  t r a n s i t i o n  t o  the  v e r t i c a l  

/332 segment of t he  vege ta t ive  nervous system. Later da ta  re f lec t  t h e  - 

Upon completion of t e n  minutes, t he  t e s t  subjec t  once more l ies  down 
(c l ino-or thos ta t ic  t e s t )  and t h e  a r t e r i a l  pressure and pulse  frequency are 
measured immediately, then each minute f o r  3-5 min. 
pressure measuring device i s  l e f t  on the  tes t  sub jec t ' s  arm throughout t he  

The c o l l a r  of  t he  blood 
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e n t i r e  invest igat ion;  it is  recommended t h a t  t he  a i r  be exhausted completely 
a f t e r  each measurement. 

The study of t he  dynamics of ar ter ia l  pressure and pulse  frequency i n  
a t h l e t e s  under t h e  inf luence of t h e  o r t h o s t a t i c  t e s t  has been covered by an 
extremely broad l i t e r a t u r e .  Based on many inves t iga t ions ,  it i s  believed t h a t  
t h e  optimal r eac t ion  t o  t h e  o r t h o s t a t i c  test ( f requent ly  observed i n  a t h l e t e s )  
i s  a s l i g h t  increase i n  pu l se  frequency and minimal changes i n  a r t e r i a l  
pressure.  However, t h e  physiological l i m i t s  of t h e  change i n  cardiac rhythm 
are r a t h e r  g rea t  -- 10-40 bea t s  p e r  minute. The s y s t o l i c  pressure e i t h e r  
remains unchanged, o r  decreases at the  beginning o f  t h e  tes t  by 5-15 mm Hg, 
then gradual ly  r e tu rns .  
bu t  more frequent ly  increases  by 5-10 mm Hg. 
changes i n  cardiac a c t i v i t y  i n  heal thy persons upon changing body pos i t i on  
occur i n  youth, which r e s u l t s  t o  a considerable extent  from the  l a b i l i t y  of 
t h e  vegetat ive nervous system. 

The d i a s t o l i c  pressure sometimes remains unchanged, 
The most sharply expressed 

I n  spo r t s  medicine and spor t s  physiology, t h e  opinion has long been 
current  t h a t  o r t h o s t a t i c  s t a b i l i t y  increases  as a r e s u l t  of spec ia l  exercises  
used by gymnasts, acrobats ,  d ivers ,  boxers, e tc .  This opinion was confirmed 
i n  t h e  works of M.  R.  Mogendovich and h i s  colleagues (1965). These authors 
showed t h a t  t h i s  t r a i n i n g  improves t h e  mechanisms ( interocept ive and proprio- 
ceptive) which counteract t h e  influence of g rav i ty .  

There has been g rea t  i n t e r e s t  i n  recent years i n  s t u d i e s  of  o r t h o s t a t i c  
s t a b i l i t y  i n  space physiology. The changes i n  t h e  r eac t ions  o f  t h e  organism 
t o  complex o r t h o s t a t i c  inf luences (long standing tes t )  a f te r  many days 
l imi t a t ion  o f  motor a c t i v i t y  have been inves t iga t ed .  A .  L .  Myasnikov e t  a l .  
(1963), L. I .  Kakurin e t  a l .  (1966), P .  V .  Buyanov e t  a l .  (1965) and many 
o the r s  have shown t h a t  under t h e  influence of hypokinesia, o r t h o s t a t i c  
s t a b i l i t y  i s  sharply worsened. Su f f i ce  it t o  say t h a t  various authors i n  
4 0 4 0 %  of t h e i r  observations noted development of o r t h o s t a t i c  collapse,  most 
frequently occurring on t h e  n in th  t o  f i f t e e n t h  minute o f  standing. 
l i g h t  of these da ta ,  it i s  i n t e r e s t i n g  t o  note  t h a t  i n  a t h l e t e s  changes t o  t h e  
r eac t ion  i n  the  o r t h o s t a t i c  t es t  a f t e r  t en  days l i m i t a t i o n  of motor a c t i v i t y  /333 
were considerably less sharply expressed ( L .  A. I o f f e  e t  a l . ,  1966). Thus, 
o r t h o s t a t i c  col lapse occurred i n  only one o f  t e n  a t h l e t e s  invest igated.  
Changes i n  the  cardiac rhythm and a r t e r i a l  pressure i n  t h e  remainder were 
r e l a t i v e l y  s l i g h t .  These facts confirm t o  a c e r t a i n  extent  t h e  data  of 
M. R. Mogendovich. Further study on t h e  influence of s p o r t s  t r a i n i n g  on t h e  
r e t en t ion  of o r t h o s t a t i c  s t a b i l i t y  seems promising and important not only f o r  
spo r t s  medicine and space physiology, but  a l s o  f o r  c l i n i c i s t s .  

In  the  

The inves t iga t ions  o f  Rushmer (1959), V. L. Karpman e t  a l .  (1965), 
R. A. Svanishvi l i  (1965) and o the r  authors have shown t h a t  t h e  r eac t ion  o f  
cardiac a c t i v i t y  t o  changes i n  t h e  pos i t i on  o f  t h e  body can be g r e a t l y  i n f l u -  
enced by t h e  S t a r l i n g  mechanism. Here, i n  t h e  lying and head-downward 
pos i t i ons ,  t he  "volume loading o f  t he  ventricles! '  l eads  t o  a more powerful 
h e a r t  contraction, whereas t h e  "volume underloading" observed i n  t h e  standing 
pos i t i on  i s  accompanied by a weakening i n  t h e  s y s t o l i c  a c t i v i t y  of t he  
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v e n t r i c l e s .  
t h e  ca rd iac  cycle  under t h e  inf luence of t h e  o r t h o s t a t i c  test i n  a t h l e t e s  and 
untrained persons move i n  t h e  same d i r ec t ion .  
organic  d is rupt ions  i n  the  a c t i v i t y  of  t h e  c i r c u l a t o r y  apparatus,  t h e  or tho-  
s ta t ic  test i s  accompanied by d i s t o r t i o n s  i n  t h e  dynamics of t he  card iac  
cont rac t ion .  

I t  has  been es tab l i shed  that-changes i n  the  phase s t r u c t u r e  of  

With var ious func t iona l  and 

We note  i n  conclusion t h a t  o r t h o s t a t i c  t e s t s  i n  s p o r t s  medical p r a c t i c e  
are most important f o r  evaluat ion of t h e  degree of  changes i n  regula t ion  o f  
t he  card iac  a c t i v i t y  r e s u l t i n g  from ove r s t r e s s ,  over t ra in ing ,  a f t e r  var ious 
d iseases ,  e t c . ,  and should be used f o r  dynamic observat ions o f  a t h l e t e s .  

Tests w i t h  the Breath Held 

In  c l i n i c a l  and s p o r t s  medical p rac t i ce ,  t h e  func t iona l  state of t h e  
r e sp i r a to ry  and cardiovascular  system has been broadly inves t iga ted  using 
t e s t s  with the  b rea th  held vo lun ta r i ly .  A t e s t  with t h e  brea th  held while 
inhaled was suggested by V. A. Shtange i n  1913, and a t e s t  with the  brea th  
he ld  while exhaled was suggested by Gonczy i n  1924. #. 

According t o  t h e  method of V. A. Shtange, the  p a t i e n t ,  s i t t i n g  i n  a f r e e  
pos i t i on  on a cha i r ,  inha les  deeply and holds h i s  brea th .  
mines t h e  time the  brea th  i s  held by s top  watch ( n o s t r i l s  of t e s t  subjec t  
he ld) .  According t o  the  da t a  of V. A. Shtange, t h e  minimum brea th  holding 
time i n  hea l thy  persons i s  30 sec ,  while p a t i e n t s  with c i r c u l a t o r y  def ic ien-  
c i e s  cannot hold t h e i r  b rea th  f o r  more than 10-20 sec .  

The doctor de t e r -  

In  t h e  Gonczy t e s t ,  t h e  t e s t  subjec t  i n  t h e  ly ing  pos i t i on  inha les  /334 
deeply, then exhales deeply and holds h i s  brea th .  
exerc ise  (44 m i n  30 sec ) ,  t h e  t e s t  i s  repeated.  The breath holding time i n  
hea l thy  persons i s  no less than 25-35 sec ,  which i s  decreased a f t e r  t he  
measured exerc ise  t o  17-22 sec .  
b rea th  can be held i s  decreased (usual ly  q u i t e  not iceably a f t e r  walking -- t o  
5-15 sec ) .  

After a measured walking 

With c i r cu la to ry  def ic iency ,  t he  time the  

When the  brea th  holding t e s t  i s  administered t o  ch i ldren ,  it must be 
r e c a l l e d  t h a t  t he  t i m e  t h e  brea th  can be held a t  young ages i s  l e s s .  With 
increas ing  age, the  time the  breath 'can be held increases  due t o  t he  decreased 
i n t e n s i t y  of oxida t ive  processes and increased r e s i s t a n c e  t o  hypoxia and 
hypercapnia (Z. D. Kovalenko and L. I .  Gridina,  1937; N. A. Tro i t sk iy ,  19.49; 
e t c . ) .  

The r e s u l t s  of brea th  holding tests a r e  determined t o  a grea t  extent  by 
t h e  q u a l i t i e s  o f  w i l l  and d i s c i p l i n e  of t he  t e s t  subjec t .  Another defect  of 
t he  t e s t  is  the  absence of  any standard method f o r  i t s  performance. Adjust- 
ments introduced by var ious authors  r e l a t e  t o  the  pos i t i on  of t he  t e s t  
subjec t ,  depth o f  i nha la t ion ,  na ture  of breathing before  the  t e s t ,  dosage o f  
loading, e t c .  A l l  of t h i s  makes comparison of  d a t a  of  various authors 
d i  f f i cu 1 t . 
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Attempts t o  ob jec t iv i ze  t h e  t e s t  of Shtange and Gonczy have involved 
methods of measuring t h e  dura t ion  of holding the  breath.  Thus, var ious 
methods of recording t h e  cont rac t ion  of  t h e  muscles o f  t he  thorax and abdomen, 
and p a r t i c u l a r l y  of t h e  diaphragm have been suggested (V. G .  Kunevich, 1938; 
N. I. Tavastsherna, 1954; Skladal and Kochi, 1956; e t c . ) .  Movements of these  
muscles during t h e  t i m e  t h e  b rea th  i s  held occur regard less  of  t h e  w i l l  of t h e  
t e s t  subjec t ,  as t h e  sa tu ra t ion  of  t h e  blood with oxygen and carbon dioxide 
changes. In the  opinion of  S. B,  Tikhvinskiy (1958), a common defec t  of  a l l  
o f  these  inves t iga t ions  is  t h e  fact t h a t  the  dependence of movements of  t h e  
diaphragm on the  hypoxemia and hypercapnia has never been revealed (only 
N. I .  Tavastsherna determined t h e  content of  carbon dioxide i n  a lveo la r  a i r  
and judged the  e x c i t a b i l i t y  of t h e  r e sp i r a to ry  center - f rom the  dynamics o f  
t h i s  f i gu re ) .  

N .  A. Tro i t sk iy  (1949), N. P.  Likhachova and L. I .  Sokolova (1925), 
S. B. Tikhvinskiy (1958) and o the r s  showed t h a t  the  time the  brea th  could be 
held depends on t h e  depth o f  i nha la t ion .  
S. B. Tikhvinskiy (1958), t h e  optimal inha la t ion  depth i s  75% of the  lung 
capaci ty .  A t  t he  same time, A .  B. Gandel'sman e t  a l .  (1958) be l i eve  t h a t  t he  
depth of  inha la t ion  f o r  t he  b rea th  holding t e s t  should be 90-95% of t h e  t r u e  
capaci ty  of  t h e  lungs. 

According t o  t h e  da t a  o f  

One common defec t  of  t e s t s  involving holding the  brea th  i s  t h e  f a c t  t h a t ,  
i n  cont ras t  t o  t he  opinion of  V. A. Shtange, even those suf fer ing  from 
diseases  of  t h e  hea r t  and lungs (and sometimes i n  the  i n i t i a l  phenomena o f  
decompensation), t he  length of t ime the  brea th  can be held may be within the  /335 
range of normal values .  Changes i n  t h e  brea th  holding time i n  a t h l e t e s  
r e s u l t i n g  from changes of t h e  func t iona l  s t a t e  of t he  organism (overs t ress ,  
over t ra in ing ,  e t c . )  a r e  r e l a t i v e l y  weakly expressed. This defec t  of t he  t e s t  
has been l a rge ly  el iminated by observing changes i n  the  sa tu ra t ion  of  t h e  . 

blood with oxygen during brea th  holding. 

Oxyhemometric i nves t iga t ions  (S. B.  Tikhvinskiy, 1958; A. B. Gandel's- 
man e t  a l . ,  1958; S. N.  Popov, 1960; e t c . )  performed i n  t h e  t e s t  with m a x i m u m  
holding o f  t he  brea th ,  have allowed the  na ture  of  changes i n  sa tu ra t ion  of t he  
blood with oxygen t o  be determined. Thus, a t  the  beginning of brea th  holding, 
a s t a b l e  l eve l  of a r t e r i a l  blood oxygen sa tu ra t ion  i s  observed f o r  a time 
(according t o  A. B. Gandei'sman, t h i s  i s  t h e  phase o f  s t a b l e  oxygenation). 
The end of  t h i s  phase i s  def ined as t h e  time when t h e  oxygen sa tu ra t ion  of t h e  
blood decreases by one percent  i n  comparison t o  the  i n i t i a l  l eve l .  During the  
second s t age  of brea th  holding, a decrease i n  the  l eve l  of s a tu ra t ion  of t h e  
blood with oxygen i s  observed. The r a t e  of  t h i s  decrease i s  influenced by the  
reserve  o f  oxygen i n  t h e  lungs and t h e . i n t e n s i t y  of  i t s  consumption by t h e  
organism, i n  connection with which hypoxemia develops more rap id ly  when t h e  
breath is  held upon exhalat ion than upon inha la t ion ,  when t h e  quant i ty  o f  
oxygen i n  the  lungs is  g r e a t e r  (A. D. Dembo, 1963). Af te r  brea th  holding i s  
i n t i r r u p t e d ,  the  decrease i n  the  l e v e l  of oxygen sa tu ra t ion  continues u n t i l  
t h e  blood enriched i n  oxygen reaches t h e  s e c t o r  being s tudied.  Af te r  t h i s ,  
recovery of the  i n i t i a l  l e v e l  occurs,  f i rs t  s t e p ,  then more gradual 
(according t o  oxyhemometric da t a ) .  I t  i s  i n t e r e s t i n g  t h a t  t h e  t i m e  required 

313 



f o r  recovery of t h e  s a t u r a t i o n  by one percent ,  t he  so-cal led recovery q u a l i t y  
ind ica to r  (Khuan Me-Guan, 1959), which amounted t o  6-8  f o r  heal thy,  untrained 
persons, bu t  was 3-4 f o r  male a t h l e t e s ,  and 5-6 f o r  female a t h l e t e s  
(S. N. Popov, 1960). This i nd ica to r  i s  ca lcu la ted  by dividing t h e  recovery 
time by the  percentage of t h e  decrease i n  oxygen sa tura t ion .  S. N. Popov 
showed t h a t  worsening of  t h e  func t iona l  s ta te  of t h e  a t h l e t e s  was documented 
by shortening of t h e  phase of s t a b l e  oxygenation, an increase  i n  t h e  r a t e  
of  t h e  decrease i n  oxygen sa tu ra t ion ' and  a delay i n  recovery time t o  t h e  
i n i t i a l  blood oxygen sa tu ra t ion  l eve l .  
a t r a i n i n g  exerc ise  is p a r t i c u l a r l y  valuable  t o  reveal  f a t igue  or over- 
t r a in ing .  
more s e n s i t i v e  t o  t.he state of t r a i n i n g  than t e s t s  with t h e  brea th  held 
performed before  and af ter  measured loads.  

Performance of a tes t  before and af ter  

Dynamic observations have shown t h a t  t hese  da t a  are considerably 

We note  i n  cohclusion t h a t  i n  s p i t e  of t h e  tremendous s igni f icance  of 
funct ional  t e s t s ,  t h e i r  da t a  can be properly evaluated only when combined with 
ordinary medical inves t iga t ion  of an a t h l e t e .  
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CHAPTER I X  

SOME METHODS OF T R A N S M I S S I O N  AND A N A L Y S I S  OF 
CARD I OLOG I CAL I NFORMAT I ON I N SPORTS 

ABSTRACT. A number of new and applied problems have been 
developed in cardiology in recent years, including the 
problem of transmission of cardiological information oven 
long distances without wires. The radio-telemetry systems 
developed to perform this task are being continually im- 
proved in terms of stability, information transmission 
capacity, etc. This chapter analyzes these'problems, as 
well as the areas of automatic analysis of cardiological 
information and the mathematical apparatus applied to this 
information. 

The technical re-equipping of sports medicine observed in recent decades /336 
and, in particular, the re-equipping of cardiology has resulted in the 
development of a number of new applied problems. 
of today is no doubt the problem of transmission of cardiological information 
over considerable distances without wires. Considerable successes have 
already been achieved in this area by the development of various radio- 
telemetry systems. 

The most pressing problem 

These systems are being continually improved -- their interference 
stability is increased, the volume of useful information transmitted through 
one o r  more communications channels has been increased, etc. 

In recent times, ever greater significance has been attached to improve- 
ment of methods of analysis of special information. The problem is that ' 

dynamic observations are widely used in sports medicine for all parameters o r  
combinations of quantities. 
cumbersome if performed manually, while analysis of a large quantity of 
numerical material is difficult. 
systems with automatic construction of transient process curves. 

In these cases, the computational work is quite 

Here, sports medicine may be helped by 

A n  important role also belongs to mathematical analysis of cardiological 
information, in particular auto- and cross-correlational analysis in combin- 
ation with modern machine computing equipment. 

This is the range of problems which is the subject of this chapter. 
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/337 - Rad i otel emet ry 

Modern spor t s  medicine has reached a l eve l  a t  which ever  g r e a t e r  s ign i f -  
icance i s  given t o  observat ions of t he  state of  var ious funct ions d i r e c t l y  
during the  performance o f  physical  loads.  I t  i s  necessary t o  observe the  
funct ions o f  t he  organism under na tu ra l  condi t ions,  during the  process o f  
a c t i v i t y ,  when t h e  funct ions being s tudied are subjec ted  t o  the  combined 
inf luence of a mass o f  f a c t o r s .  
g r e a t l y  f a c i l i t a t e d  by radiotelemetry of physiological  da t a ,  i . e .  recording of 
these  d a t a  a t  a d is tance  by r ad io  communications. 

The development o f  such inves t iga t ions  i s  

One o f  t h e  first works i n  which r ad io  transmission of physiological  
information was performed r e l a t e s  t o  t h e  beginning of  t h e  1930's, when the .  
Moscow inves t iga to r s  A. A. Yushchenko and R. A. Chernavkin (1932) developed a 
rad io te lemet r ic  system f o r  t h e  recording of s i g n a l s  from a contact  t ransducer .  
The contact  t ransducer  could be a s t e p  meter (which closed t h e  contact  with 
each s t e p ) ,  contact  device f o r  recording s p o r t s  movements, e t c .  However, 
works on radiotelemetry were pr imar i ly  developed -(both i n  the  USSR and abroad) 
a f t e r  t h e  Second World War. 

Up t o  now, th ree  p r i n c i p a l  t rends  have been formed i n  biotelemetry c 

(V. V. Rozenblat, 1965). The first t rend ,  which has achieved marked successes 
i n  av ia t ion  and space medicine, i s  charac te r ized  by t h e  fact t h a t  t h e  t e s t  
subjec t  and the  t ransducer  a r e  on board some objec t  ( a i r c r a f t ,  rocke t ,  space- 
craft, e t c . ) ,  moving at tremendous speed and a t  tremendous d i s t ance  from t h e  
inves t iga to r  and r ece ive r  device.  The t e s t  subjec t  and t r ansmi t t e r  a r e  
immobile as concerns t h e  objec t  carrying them. 
ous r o l e  t o  play i n  the  development of space physiology (V. V. Par in ,  
V. I. Yazdovskiy, 1961; Yu. M. Volinkin e t  a l . ,  1962; N .  M. Sisakyan, 
V. I. Yazdovskiy, 1962; e t c . ) .  

This t rend  has had a tremend- 

The second t rend ,  which has been developed pr imar i ly  i n  the. physiology of 
spo r t s  and labor ,  i s  charac te r ized  by t h e  inves t iga t ion  of  a f r e e l y  moving 
man, who c a r r i e s  with himself a l l  t h e  t r ansmi t t i ng  device and performs 
ordinary a c t i v i t i e s .  

The t h i r d  of  t he  p r i n c i p a l  t rends  i n  biotelemetry,  which i s  pr imar i ly  of 
i n t e r e s t  f o r  c l i n i c a l  and experimental medicine, i s  charac te r ized  by t h e  
in t roduct ion  o f  miniature  rad io  capsules t o  the  c a v i t i e s  of the  body, 
p r i n c i p a l l y  i n t o  the  g a s t r o i n t e s t i n a l  t ract ,  from which information is  
t ransmi t ted  on the  temperature, a c i d i t y ,  motor func t ion ,  e t c .  

In  t h i s  sec t ion  of t h i s  chapter ,  we analyze r ad io  te le record ing  of 
card io logica l  da t a  as t h e  t e s t  subjec t  moves f r e e l y  during t h e  process of h i s  

telemetry has i t s  s p e c i f i c  f ea tu re s  and d i f f i c u l t i e s ,  including the  develop- 
ment of s t a b i l i t y  aga ins t  i n t e r f e rence  caused by the  ene rge t i c  movements of 
t h e  t e s t  subjec t  (A. L. Vodolazskiy, 1959; V. V. Rozenblat and A.  .T. Voro- 
b 'yev, 1961), as well as t h e  c rea t ion  of miniature  t r ansmi t t i ng  devices which, 
while being ca r r i ed  on the  tes t  sub jec t  and without i n t e r f e r i n g  with h i s  

/338 ordinary a c t i v i t y ,  i n  p a r t i c u l a r  spo r t s  a c t i v i t y .  This t r end  i n  radio-  - 
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activity, must provide the necessary range of transmission of information 
(several tens o r  hundreds of meters, or in some cases, for example in 
investigations of skiers o r  parachute jumpers, up to several kilometers). 
These specifics exclude the utilization of ordinary industrial models of 
apparatus and require the creation of special devices. 

In 1948-1965, several dozens of laboratories and design groups in the 
USSR and abroad (USA, England, Bulgaria, Czechoslovakia, France, FRG, Holland, 
Hungary, etc.) published information on the first miniature apparatus for 
radiotelemetry of physiological information from freely moving men o r  animals. 

Among the Soviet authors in this area, we should note first of all the 
works of B. V. Panin (1956, 195.8, etc.) and the works of the designers of the 
All-Union Scientific Research Institute for Medical Instrumentation and 
Equipment (T. Ye. Timofeyeva, V. A. Anselevich, 1960; T. Ye. Timofeyeva, 
1961), who created the tele-electrocardiograph, which has been series. produced 
by the Moscow Plant for Electromedical Apparatus since 1962. 
work on dynamic biotelemetry as applicable to problems of sports medicine and 
labor physiology has been performed by us and our colleagues. 

Since 1955, 

Among the foreign authors, we should note in particular the many years 
work of a group of American investigators led by Holter (Holter, Gengerelli, 
1949; Holter, Glasscock, 1952; etc.), and the Bulgarian investigator L. Basan 
(1955, 1958). A particularly large number of works has been written con- 
cerning the recording of electrocardiograms (Parker et al., 1953; Holter 
et al., 1957; Beenken, Dunn, 1958; Webb et al., 1958; T. Ye. Timofeyeva 
et al., 1961; Winsor et al., 1961; Dendal, 1961, 1962; V. V. Rozenblat, 
A. T. Vorob'yev, R. V. Unzhin, 1962; etc.) and pulse frequency. This latter 
indicator is recorded by various methods: 
(Seliger, 1950, 1955), by photoelectric pickup on the ear (L. P. Shuvatov, 
1959, etc.) or, more frequently, from the R wave in the biocurrents of the 
heart (V. V. Rozenblat, L. S. Dombrovskiy, 1957, 1959, etc.). 

from the tones of the heart 

' Techniques of radiotelemetry. A radiotelemetric system includes two 
main parts -- the "patient device" (miniature transmitter located with the 
test subject) and the "investigator's device" (receiving and recording 
device). 

/339 - The "patient device" is the most important part of the system. It 
includes: 
logical pulse; 2) the amplifier-converter or coder (converting the physiolog- 
ical information into a signal convenient for transmission by radio); 3) the 
transmitter (usually in the uhf range); 4) the power supply. 

1) the transducers and other devices which pick up the physio- 

The "investigator's device" includes, in addition to the receiver. a 
decoder (converting 
recording device. 

From the point 
devices" created up 

the information back t o  its initial form) and the 

of view of weight and size, the designs for "patient 
to the present time are quite varied -- from electron tube 
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devices with ranges o f  300-1500 m, weighing 600-1500 g (Metzner, 1958; Webb 
e t  a l . ,  1958; T. Ye. Timofeyeva, V. A. Anselevich, 1960; e t c . )  t o  miniature  
semiconductor devices with an operat ing range o f  30-100 m weighing around 
100 g (R. V. Unzhin, V. V.  Rozenblat, 1959, 1962; Winsor e t  a l . ,  1961; e t c . ) .  

From the  poin t  of  view of volume of information t ransmi t ted ,  t h e  systems 

Multichannel devices  have been described 
descr ibed t o  t h e  p re sen t  t i m e  a r e  pr imar i ly  designed for s i n g l e  channel 
transmission of  physiological  da ta .  
by only a few authors  (Beenken, Dunn, 1958; L. P. Shuvatov, 1959, 1960). In 
addi t ion  t o  t h e  s i n g l e  channel and multichannel systems, t h e  combined s t ruc -  
t u r e  type i s  a l s o  d is t inguished ,  i n  which a s i n g l e  channel (or each channel i n  
a multichannel system) can be used t o  t ransmit  severa l  types o f  information 
depending on t h e  t ransducer  used (R. V. Unzhin, V. V. Rozenblat, 1962; 
R. V. Unzhin e t  a l . ,  1962). 

The Sverdlovsk b io t e l eme t r i c  group has designed and used a number of 
types of  r ad io  apparatus (V. V. Rozenblat, 1963) - -  from t h e  f i rs t  radio-  
pulsophone and miniature  radiopneumograph, which allows t h e  frequency of 
r e s p i r a t o r y  movements o f  t h e  a t h l e t e  t o  be  recorded, t o  a miniature ,  but more 
complex radiopulsophone-electrocardiograph (REK) and a number of  intermediate  
devices.  One of t h e s e  is  the  type KRP combined rad io te lemet r ic  device 
(models KRP-lm,  KRP-2, KRP-2m, .KRP-3,  e t c . )  (V. V. Rozenblat, R. V. Unzhin 
et  a l . ,  1963), providing f o r  recording of t h e  pulse  frequency ( ind ica ted  by 
t h e  R wave of t h e  b iocur ren ts  o f  t he  h e a r t ) ,  as wel l  as r e s p i r a t i o n  and 
movements. 

Being a single-channel device,  t he  instrument t ransmi ts  these  ind ica to r s  
at '  var ious times depending on t h e  pickups connected. 
of two parameters as a s i n g l e  curve is  a l s o  poss ib le :  
R waves of t h e  electrocardiogram may be superimposed over  t h e  rec tangular  
s igna l s  of a contac t  pickup ( r e sp i r a to ry  mass with switch-valve; s t e p  meter i n  - /341 
shoes, e t c . )  (R. V. Unzhin, V. V. Rozenblat, 1963). The RST-1 radiosphygmo- 
tachograph has been developed on t he  bas i s  of  t h e  KRP device.  

Synchronous transmission 
for example, t h e  

An important s t e p  was t h e  development of t he  f i rs t  model of t h e  
radiopulsophone-electrocardiograph - -  t h e  REK-1 (V. V. Rozenblat, 
A. T. Vorob'yev, R. V. Unzhin, 1962), which allowed t h e  pulse  t o  be counted by 
sound, arid the  electrocardiogram t o  be recorded at  moments of  i n t e r e s t  t o  t h e  
inves t iga to r .  

With maximum ampl i f ica t ion  of t h e  recorder  connected t o  the  rece iver  
(e lectrocardiograph) ,  cerebra l  b iocur ren ts  can a l s o  be t ransmit ted by radio.  
The frequency c h a r a c t e r i s t i c  of t h e  ampl i f ie r  i n  t h e  REK-1 t r ansmi t t i ng  device 
( l i n e a r i t y  between 0.5 and 5000 Hz with a gain f a c t o r  of  about 300) allows a 
number of  physiological  i nd ica to r s  t o  be t ransmi t ted  by using t h e  proper 
t ransducers .  

Data on these  devices has  been published repeatedly including c i r c u i t s ,  
descr ip t ions  and t h e  b a s i s  f o r  individual  technica l  decis ions (R. V. Unzhin, 
1963, a, b; E. I. Rimskikh, 1963, a, b,  e t c . ) .  

31 8 



Below, w e  descr ibe two models of t h e  "pat ient  device" f o r  a system of 
dynamic biotelemetry developed by R. V. Unzhin i n  1965-1966 and used qu i t e  
broadly by us i n  recent  times. 

The f irst  of these i s  t h e  KRP-7 combined radiotelemetry device, which i s  
used f o r  remote recording o f  t h e  pulse  frequency (using t h e  R wave of t he  
electrocardiogram), r e sp i r a t ion  frequency (by placement of a thermistor pickup 
i n  t h e  path of exhaled a i r  or by a change i n  t h e  r e s i s t ance  of a rheos ta t  
pickup on a b e l t  around t h e  thorax of  t h e  t e s t  sub jec t ) ,  actogram (by 
contact switch or by the  change i n  r e s i s t ance  of  t ransducers) .  
these  physiological parameters, any o ther  parameters may be recorded radio- 
t e l eme t r i ca l ly  i f  they can be f irst  converted using t h e  proper transducers 
e i t h e r  t o  e lectr ical  s igna l s  with amplitudes between 0.5 and 3 mv and f r e -  
quencies of  1-50 Hz, or t o  a change i n  a 5-10 kilohm e lec t r ica l  r e s i s t ance  
with an amplitude of change of 500-1000 ohms. 

In addi t ion t o  

Being a single-channel device,  t h e  KRP-7 allows simultaneous recording of  
two physiological parameters t o  be performed, as long as the  frequencies of  
t h e  processes do not  d i f f e r  by a f a c t o r  of more than 5 (pulse frequency- 
r e sp i r a t ion  frequency, pulse  frequency-number of  s t eps ,  e t c . ) .  

The KRP-7 device provides f o r  graphic recording of  physiological 
parameters using a type EKPSCh 10 recording electrocardiograph (model 60) and 
an FM radio rece iver  with a s e n s i t i v i t y  of 1-1.5 1.1v a t  d i s tances  up t o  50 m ,  
and audible receiving up t o  a t  least  100 m considering propagation of rad io  
waves i n  the  45-46-megaherz range. A schematic diagram of the  KRP-7 device is 
presented on Figure 97.. 

/342 The amplif ier  i n  t h e  device i s  a three-s tage  ampl i f ie r ,  consis t ing of - 
t r a n s i s t o r s  Tl-T3 i n  a common emitter c i r c u i t .  The t i m e  constant of t h e  
amplif ier  coupling c i r c u i t s  i s  s o  se lec ted  t h a t  t he  frequency components of  
the  R wave of  t h e  electrocardiogram a re  pr imari ly  amplified.  
s t a b i l i z a t i o n  of t h e  s tages  i s  provided by p a r a l l e l  negat ive vol tage feedback 
( r e s i s t o r s  Rll-R13) and s e r i e s  negative current  feedback ( r e s i s t o r s  R16-R18). 
The amplified s igna l  i s  fed t o  the  charge-discharge c i r c u i t s  of t he  c a r r i e r  
frequency generator,  a symmetrical mul t iv ibra tor  using t r a n s i s t o r s  T4-T5. The 
marke r  vol tage f o r  t he  charge-discharge c i r c u i t  i s  provided by the  vol tage 
d iv ider  cons is t ing  of r e s i s t o r s  R4 and R20. The s igna l  from the  amplif ier ,  
added t o  and subtracted from t h e  marker vol tage,  causes a change i n  the  pulse  
repe t i t ion ' f requency  of t h e  mul t iv ibra tor ,  i . e .  causes frequency modulation o f  
t h e  subcar r ie r  o s c i l l a t i o n s .  The frequency of t h e  subca r r i e r  o s c i l l a t i o n s  i s  
se lec ted  i n  the  audiofrequency range (1000-3000 Hz), toward which the  human 
ear i s  most s ens i t i ve .  This  allows not only a check of  t he  operation of t he  . 
channel, but a l so  audible  recording, and when necessary allows recording t o  be 
made on any s e r i e s  produced tape  recorder  f o r  subsequent processing. 

Temperature 

In addi t ion t o  the  p p l i f i e r ,  t h e  marker vol tage may be cont ro l led  using 
contact  or rheos ta t  pickups connected t o  d iv ider  R4, R20'through r e s i s t o r s  
R19, R 2 1 .  
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The frequency modulated oscillations of the subcarrier are fed to the 
radio transmitter. It consists of an FM oscillator with a quartz stabilizer. 
Frequency modulation is performed by changing the frequency of parallel reso- 
nance of the quartz resonator using the capacitance of the P-IT junction of the 
planar diode. The frequency ,modulated high-frequency oscillations from the . 
emitter of transistor T6 are fed to the antenna. 

Power to the device is supplied from a battery composed of 7 DO06 elements. 
The operating life of the KRP-7 device before battery exhaustion is about 3 hours. 

The KRP-7 "patient device" is assembled in a rectangular body, closed by a 
plexiglass cover. The supply pack is separate, attached to the floor of the 
device, and connected through a plug. The device, including power supply packj 
is placed on the head of the test subject in a special braided cap. The weight 
of the patient's device is printed circuitry is used is not over 120-150 g. 

Tuning of the device consists of selection of the electrical operating 
modes of  the amplifier and transmitter. If transistors Tl-T3 satisfy the tech-1343 
nical conditions, the voltage on the collectors should be 4 2 1 v, while if the- 
transistors are out of specification this voltage can be established by adjust- 
ing resistors Rll-R13. Resistors R10 is used to set the collector current of 
transistor T6 at 5 f 0.5 ma. This current can be established from the voltage 
drop across resistor R1, which should be about 1 v. 

'The second model is the REK-6 radiopulsophone-electrocardiograph. Here the 
"patient device" is used for remote recording by radio of the pulse frequency 
from the R wave of the electrocardiogram or the complete electrocardiogram in 
one lead. In addition to the physiological parameters noted, radiotelemetric 
recording of any other parameters can be performed, providing they can be pre- 
liminarily converted to an electrical signal with an amplitude of 0.5-3 mv and 
a frequency of 0.3-100 Hz. 

The REK-6 device provides graphic recording of data using the EKPSCh (model 
60) pen recording electrocardiograph and an FM receiver with a sensitivity of 
1-1.5 1.1v with a signal/noise ratio of 5:l at ranges up to 100 m, or recording 
of pulse frequency by ear up to 150 my using transmission in the 45-46-megahertz 
radio-frequency range. 

A schematic diagrani of the REK-6 device is shown i,n Figure 98. The ampli- 
fier in the device is a four-stage amplifier, consisting of transistors Tl-T4. 
Three of the stages are directly coupled with a common emitter circuit. Each 
stage has negative current feedback, which results in high input impedance of 
the stage. The last stage in the amplifier uses a common collector circuit, 
which provides low input impedance of  the amplifier. The setting of the working 
points of all transistors in the amplifier is achieved'by selecting resistor R16 
to provide a voltage of 3 v at the emitter of transistor T4. The amplified sig- 
nal is sent to the charge-discharge circuit of the subcarrier oscillator. 
os'cillator uses a circuit similar to the oscillator in tne KRP-7 device. The 
frequency modulated signal of the subcarrier is sent to the radio transmitter, 
which contains two stages. Fre- 
quency modulation is performed in a circuit similar to that in the KRP-7 device 
The power amplifier consist 'rhe 

This 

The master oscillator is quartz stabilized. 

of transistor T8 in a common emitter circuit. 
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output c i r c u i t  of the  ampl i f ie r  i s  simple, i. e.  the  loading c i r c u i t  i s  t h e  
antenna. The antenna used i s  a f l e x i b l e  rod 20-30 c m  long, tuned t o  the  working 
frequency by elongating c o i l  Ch3. 
device t o  the pa t i en t  are similar t o  those of the  KRP-7 device.  

The design and method of fas ten ing  the  REK-6 

REK-6 devices can be used both f o r  single-channel and for multichannel 
investigat. ions with channel separat ion on t h e  carr ier  frequency, i . e .  by using - /344 
severa l  independent t ransmi t t ing  and receiving devices feeding a common 
multichannel recording device. 

Naturally,  t h e  da t a  presented here  do not  exhaust t h e  e n t i r e  v a r i e t y  o f  
ava i lab le  rad io te lemet r ic  equipment. 
used. Since 1957, i nves t iga t ions  of  t h e  pulse  frequency, and s ince  1962 
electrocardiograms of  a t h l e t e s  during exercises  have been performed i n  
Sverdlovsk (V. V. Rozenblat, L. S. Dombrovskiy, 1959; V. V .  Rozenblat, 1962; 
V. V. Rozenblat, A. T. Vorob'yev, L. M. Sanachev, 1961; M. B .  Kazakov, 
N.  M. Khodakov, A. T. Vorob'yev, 1963; e t c . ) .  Invest igat ions i n  radio- 
telemetry have been performed i n  Leningrad (V. P. Pravosudov, 1959; 
V. V. Vasil 'yeva e t  a l . ,  1960, 1961). In 1962, a publ icat ion appeared by 
Estonian inves t iga tors  (E. A. Viru e t  a l . ,  1962; Kh. Yu. Sil'dmyae, 1962) and 
t h e  colleagues of t h e  Central  S c i e n t i f i c  Researeh I n s t i t u t e  f o r  Physical 
Culture ( I .  I. Knyazev;V. V. Matov, 1962). Also, material appeared from 
inves t iga t ions  performed i.n the  USA and Japan (Bel le t  e t  a l . ,  1963; Furuja 
e t  a l . ,  1963; Jamakawa e t  a l . ,  1964; e t c . ) .  

Radiotelemetry i s  being ever  more widely 

In t h e  following, w e  w i l l  d iscuss  c e r t a i n  r e s u l t s  of  the  usage of  two 
aspects  of  radiotelemetry i n  spor t s  medicine. 

Radiopulsometry. The mater ia l s  which w e  have produced allow u s  t o  judge - /345 
the  dynamics of t h e  pulse  frequency with var ious forms o f  spo r t s  a c t i v i t y  
(V. V. Rozenblat, 1962, e t c . ) .  Figure 99 shows a curve of t h e  pulse  frequency 
recorded d i r e c t l y  during a t r a in ing  exercise .  
such curves, t he  da t a  from.highly qua l i f i ed  ska ters  has been summarized 
(master of  spor t s ,  f irst  rank sportsmen). During winter  i n  t r a in ing  
exercises ,  the  pulse  frequency is  as follows: during the  warm-up, 126- 
144 beats  per  minute; with var ious types of technica l  exercise ,  132-162 bea ts  
pe r  minute; during shor t  races, t he  pulse  frequency increases  t o  180 bea t s  pe r  
minute, and during acce lera t ion  i n  so-cal led va r i ab le  work (a l te rna t ion  of 
moderate and in t ens ive  speed) -- t o  186-192 bea ts  pe r  minute. 

On t h e  bas i s  of  ana lys i s  of 

During t h e  process of  summer t ra in ing ,  t h e  changes i n  the  pulse  during 
individual  exercises  were similar t o  those above: when running a t  moderate 
speeds (during t h e  warm-up o r  during the  course of t r a in ing ) ,  138-150 bea ts  
per  minute; during exerc ises  using r o l l e r  ska tes ,  150-174 bea ts  per  minute; 
during shor t  races, t h e  pulse  a l so  increases  t o  180 bea ts  per  minute, while 
during acce lera t ions  i n  va r i ab le  work -- t o  180-186 beats  per  minute. 
cases i n  t h i s  exerc ise  pulse  frequencies of  up t o  198 o r  even 204 beats  per  
minute were noted. However, it must be emphasized t h a t  the  pulse  frequency 
exceeds 200 bea ts  per  minute during t r a in ing  exercises  only a s  an exception, 

- /346 

In some 
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usual ly  reaching only 180-192 bea ts  pe r  minute i n  moments of most in tens ive  
loading. 

Figure 99. Radiopulsogram During Training. Sh-v, 17 years ,  
c l a s s  I I  s k a t e r ,  10/10/1960. Horizontal l i n e  s h o w s  t i m e  ( i n  
min) from b e g i n n i n g  o f  exerc ise .  Exercises:  1 ,  R u n n i n g ;  
2 ,  gymnastics; 3 ,  hurdles ,  70-80 m ,  t h r ee  passes;  4 ,  t r i p l e  
j u m p  from standing s t a r t ,  th ree  times; 5,  70-80-m run, th ree  
times; 6 ,  technical  exerc ise ,  two times; 7 ,  run up and down 
ladder ,  f i v e  times. I ,  i n i t i a l  da ta ;  I I ,  preparatory portion 
of exerc ise ;  I l l ,  main portion of exe rc i se ;  I V ,  f ina l  portion 
of exerc ise ;  V ;  recovery; V I ,  .durat ion of exe rc i se  ( i n  m i n )  and 
mean pulse frequency during exe rc i se ;  c i r c l e s ,  r e s t .  

The typ ica l  changes i n  pulse  noted with var ious exerc ises  f o r  highly 
qua l i f i ed  ska te r s  
es tab l i shed  for most p r inc ipa l  exercises  i n  winter  and summer t r a i n i n g  
sess ions  (Figure 100). The changes i n  pulse  frequency i n  s k i e r s  during 
t r a i n i n g  sess ions  correspond with those of s k a t e r s ;  during the  most i n t ens ive  
exerc ise  -- rap id  ascent  with energe t ic  work of  t he  arms -- the  pulse  
frequency was 168-192 bea ts  pe r  minute. Observations of  t h e  t r a in ing  sess ions  
of b icyc le  r ace r s  performed using a radiopulsophone as modified by V. S. Smus' 
gave b a s i c a l l y  similar r e s u l t s  (V. P .  Pravosudov, 1959; V. V. Vasil 'yeva 
e t  a l . ,  ' 1960, 1961). 

have allowed approximate norms of  pu lse  changes t o  be 

In t h e  winter  season of  1959-1960, i nves t iga t ions  performed f o r  s k i e r s  
t r a i n i n g  f o r  s k i  jumps were performed (Figure 101) ( i n  a l l ,  26 jumps were made - /347 
with t h e  a t h l e t e s  carrying the  radiopulsophone i n  t h e i r  caps) ,  showing t h a t  
t h e  pulse  frequency reached 168-180 bea t s  p e r  minute, and sometimes as high a s  
192 bea ts  per  minute during t h e  climb up t h e  s k i  jump framework on a very 
s t eep  and clumsy ladder;  t h e  jump was performed by many a th le tes ,  a t  a pulse  
r a t e  of  150-170 bea t s  pe r  minute. 

I .  
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Figure 100. 
(According to Radiotelemetry) in Highly Qual if ied 
Skaters During Principal Exercises of Summer (A) and 
Winter (B) Training Periods. 1, running (during warm- ' 

up) ; 2 ,  gymnastic exercises; 3, walking; 4, cool ing-off 
exercises; 5, imitation of running on skates (technical 
limitation); 6, leaping imitation; 7, starts, w?th 
short sprints; 8, long-distance race; 9, acceleration 
plus running at variable rate ("variable running") ; 
. lo,  exercise on roller skates; 1 1 ,  skating during 
warm-up; 12, skating for development of technique; 
13, starts with short sprint. segments; 14, intensive 
running ("repeated work") ; 15, acceleration in variable 
running; 16, quiet skating. Figures on diagram indicate 

quency (counted in 10-sec segments). Remaining 
symbols as on Figure 99. 

Typical Values of Pulse Frequency 

.limits of fluctuation of typica-l values of pulse fre- 

Interesting data were produced in observations of the nature of the 

Let us discuss them in somewhat greater detail. . 
pulse frequency of heavy athletes (M. B. Kazakov et al., 1963; A. T. Voro- 
b'yev, 1963). 

It must be considered that adaptation of the organism to sports stresses 
depends not only on the general functional capabilities, but on the specific 
mechanisms of adaptation developed in the process of specialized training. 
Consequently, establishment of optimal data for increasing the frequency of 
heart contractions in each type of sports is particularly necessary. 
literature data on the frequency of heart contractions after various heavy 
athletic exercises is somewhat contradictory. Apparently, this is explained 
by differences in the persons examined -- their qualifications, state of 
training and degree of loading. Also, the method of investigation of the 
pulse, particularly the interval between completion of the ,loading and 

The 
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beginning of pulse  counting, can be of considerable  s ign i f icance .  The usage 
o f  rad io te lemet r ic  recording of t h e  pulse  continuously throughout t h e  e n t i r e  
t r a i n i n g  exerc ise  allows these  methodological e r r o r s  t o  be avoided. 

:Pulse 
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F i g u r e  101. Radiopulsogram During Training. G-n, 19 years ,  
c l a s s  I I  s k i e r ,  3/12/1959. 1 and 9 ,  ascent  to  j u d g e s '  box; 
2 ,  gymnastic exerc ises ;  3 ,  climb to  framework ladder;  4 ,  climb 
on framework; 5,  waiting before j u m p ;  6 ,  run a f t e r  landing: 
7 ,  climb t o  doc to r ' s  o f f i c e ;  8 ,  move from d o c t o r ' s  o f f i c e  to 
framework; 10, r e s t  i n  doc to r ' s  o f f i c e .  Roman numerals i n  
c i r c l e s  denote s k i  j u m p s .  Remaining symbols a s  on Figure 99. 

Two groups of  heavy a t h l e t e s  were inves t iga ted :  masters o f  spo r t s  and 
f i r s t - c l a s s  sportsmen ( f i r s t  group) and beginning weight l i f t e r s  (second 
group). The pulse  r eac t ion  was determined during each of  f ive  phases of  
movements i n  the  c l a s s i c a l  s e t  of l if ts:  1)  before approach (background 
l eve l )  ; 2)  approach t o  bar ;  3) bending over t o  ba r  ( s t a r t )  ; 4) work (press ,  
snatch or j e rk )  . 

In the  f irst  inves t iga t ions ,  a dependence of t he  p r e s t a r t  pulse  reac t ion  
Therefore, i n  studying the  na ture  of t h e  on the  weight on t h e  bar  was noted. 

pulse  reac t ion  t o  ind iv idua l  movements i n  t h e  c l a s s i c a l  l i f t ,  only the  
ind ica to r s  of  t h e  r eac t ion  of t he  pulse  during approaches t o  bars  carrying 
70 and 80% and i n  some cases  90% of  the  maximum weight f o r  t h e  a t h l e t e  for a 
s i n g l e  l i f t  was considered. The da ta  produced i n  t h e  inves t iga t ions  allow us 
t o  determine t y p i c a l  changes i n  pulse  frequency during t h e  process of perform- 
ance of  var ious movements i n  heavy a t h l e t i c  t r a i n i n g ,  as well  as throughout 
t he  ent . i re  course of t r a i n i n g  as a whole. 

During inves t iga t ions  i n  the  gymnasium before t h e  t r a i n i n g  exerc ises  t h e  
a t h l e t e s  5n t h e  f irst  group showed an increase  i n  pulse  frequency of 9-18% i n  
comparison t o  t h e  da t a  from t h e  morning examination. 
upon as a p o s i t i v e  p r e s t a r t  r eac t ion  t o  t h e  load t o  be l i f t e d .  
exerc ises  lead t o  an increase  i n  pulse  frequency t o  120-136 bea ts  p e r  minute. 

T h i s  increase  was looked 
Warm-up 
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The ex ten t  t o  which t h e  pulse  changes a r e  expressed during t h e  course of /348 - t r a i n i n g  depends t o  a considerable  extent  on the  degree o f  t r a i n i n g  and t h e  
na ture  o f  t h e  exerc ises  performed. Table 28 shows da ta  from s t a t i s t i c a l  
processing of  observat ions during the  t r a i n i n g  exerc ises .  
exerc ises ,  the  background pulse  ind ica to r s  i n  both groups f luc tua ted  between 
93 and 108 bea ts  p e r  minute. 

During t h e  t r a i n i n g  

As they approach t h e  bar ,  t h e  pulse  frequency increases  i n  a t h l e t e s  of 
both groups. 
second group -- 122.4 bea ts  pe r  minute. However, t h e  degree of increase 
depends on the  weight o f  t he  bar :  
pulse  frequency increases  as well .  This dependence is  p a r t i c u l a r l y  c l e a r  i n  
t h e  first group, i nd ica t ing  t h e  conditioned r e f l e x  na tu re  o f  t h e  increase i n  
frequency as t h e  so-ca l led  "sense of weight of t h e  bar" i s  developed. 

In  t h e  first group, t h e  pulse  frequency averages 115.8, i n  t h e  

as the  weight of  t h e  b a r  increases ,  t he  

During competit ion,  t h e  following observat ions were performed f o r  two 
a t h l e t e s .  
but  were then requested t o  perform t h i s  exerc ise  without t h e  ba r  ("mimic 
press").  * I n  t h e  highly q u a l i f i e d  a t h l e t e ,  the  curve of  changes i n  the  card iac  
rhythm (decrease i n  frequency upon inc l ina t ion ,  main increase  upon completion 
of movement, e t c . )  remained t h e  same as i n  a t r u e  press ;  however, t h e  increase  
was less and recovery was more rap id .  In  a beginning a t h l e t e ,  t he  "mimic 
press" d id  not  produce these  c h a r a c t e r i s t i c  changes. In t h i s  case,  t h e  
conditioned r e f l e x  mechanism had not ye t  been formed. 
led  t o  a decrease i n  pulse  frequency i n  both t e s t  sub jec t s  when a l l  the  
movements of t h e  c l a s s i c a l  l i f t  sequence were performed. 
t he  pulse  frequency decreased during t h e  p re s s  by 14.4,  during the  snatch by 
15.6 and during t h e  j e r k  by 13.2 (when ca lcu la ted  aga ins t  t h e  rhythm i n  one 

10.8. 

The a t h l e t e s  approached t h e  ba r  t o  perform the  "two-handed press ,11 
/349 - 

Bending over t he  b a r  

In  t h e  f irst  group, 

.minute);  i n  t he  second group, t h e  corresponding f igu res  were 9.6, 15.6 and 
The-pulse increases  once a g a h  from t h e  moment work is begun. 

Upon completion of t h e  work, during t h e  first f e w  setonds the  pulse  
reaches i t s  maximum frequency, then gradual ly  decreases .  
f irst  group, t he  curve of  recovery i s  charac te r ized  by a very s teep  drop, 
while t he  recovery f o r  the  a t h l e t e s  of t h e  second group i s  more gradual.  The 
"postwork" increase  i n  vege ta t ive  func t ions  upon completion of physical  
a c t i v i t y  containing s t a t i c  components has been descr ibed by many phys io logis t s  
(Lindhard, N. K.  Vereshchagin, M. P .  Mogendovich, e t c . ) .  However, t hese  
authors wrote of more o r  l e s s  extended s t a t i c  e f f o r t s .  In our case,  when t h e  
work i tse1.f  lasts only 6-8 sec ,  t h e  'Ipostwork" increase  i n  card iac  rhythm 
r e s u l t s  simply from i n e r t i a  of  t h i s  i nd ica to r .  
a powerful impulse toward increas ing  frequency due t o  t h e  motor-visceral  
r e f l ex  from t h e  proprioceptors  of  t h e  muscles (M. R. Mogendovich, 1957), i s  
not  ab le  t o  reach z high l e v e l  i n  the  b r i e f  time of performance of  t he  work, 
and the re fo re  continues t o  increase  f o r  a c e r t a i n  amount of  time a f t e r  the  
e f f o r t  i s  stopped. 

In  a t h l e t e s  of  t h e  

The ind ica to r ,  a f t e r  receiving 
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The f a c t  of  decreased pulse  frequency as the  sub jec t  bends over the  ba r  
and during t h e  first moment of s t r e s s  is  i n t e r e s t i n g .  . This phenomenon was 
observed i n  both groups, although a g r e a t e r  decrease in pulse  frequency was 
observed i n  the  masters of spo r t s  than i n  t h e  beginners.  The more sharply 
expressed decrease i n  pulse  frequency i n  q u a l i f i e d  a t h l e t e s  i nd ica t e s  t h a t  t he  
conditioned r e f l e x  mechanisms deepen t h e  la ter  (motor-visceral)  r e f l e x .  

T A B L E  29. MEAN DATA ON PULSE FREQUENCY (PER M I N U T E )  I N  HEAVY A T H L E T E S  
I N  F I R S T  GROUP DURING C O M P E T I T I O N  AND T R A I N I N G  

,- . . 

Exercise 

, .  .~ ~ ._ 

Press 
Competition 
Training 
Difference 

,Competition 
Training 
Difference 

Competition! 
Training 
Difference 

Snatch 

jerk 

T r .  Note: Commas 

Mark 

I 
. . . . . .  

I Recovery 

ind ica te  dee imal  points. 

Table 29 shows comparative da t a  concerning t h e  change i n  pulse  frequency 
during t r a i n i n g  exerc ises  and competition f o r  a t h l e t e s  i n  the  f i rs t  group. 

We can see  from Table 29 t h a t  the  d i r e c t i o n  of changes i n  pulse  frequency 
during performance of movements i n  the  c l a s s i c a l  l i f t  sequence and during the  
recovery per iod during competition correspond t o  t h e  changes during t r a i n i n g .  
However, the  pulse  frequency under competition condi t ions i s  considerably 

exerc ises ,  when the  maximum pulse  frequency was observed i n  a l l  phases of  
movement i n  the  j e r k ,  during competition it was h igher  i n  the  p re s s .  
be r e l a t e d  t o  t h e  g r e a t e r  emotional exc i t a t ion  a t  t h e  beginning of  competi- 
t i o n ,  at which time t h e  p re s s  i s  performed. I t  was noted t h a t  during t h e  
phase of  bending over t h e  ba r ,  t he  pulse  frequency during competition dropped 
more sharply than i n  t r a in ing .  The pulse  frequency upon bending i s  not 
dependent on i t s  i n i t i a l  frequency,. 
more extended than during t r a i n i n g ,  but a f t e r  the  j e rk ,  i n  s p i t e  of  t h e  
considerable  f a t i g u e  a t  t h e  end of t he  competition, i t  i s  shor t e r  than during 
t h e  press  and snatch,  which i s  a l s o  a r e s u l t  of t h e  emotional f a c t o r .  

/350 higher  (averaging 30-40 bea ts  p e r  minute h igher ) .  In  con t r a s t  t o  t r a i n i n g  - 
This may 

The recovery per iod during competition i s  
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Going over t o  t h e  problem of t h e  ind iv idua l  d i f fe rences  i n  pulse  reac- 
t i o n s  i n  various s p o r t s  s p e c i a l t i e s ,  w e  should emphasize t h a t  changes during 
work a r e  not c l e a r l y  r e l a t e d  t o  t h e  i n i t i a l  values produced a t  r e s t .  On t h e  
one hand, a s  can be seen from Figure 102, which shows curves o f  t h e  pulse  
recorded at  one t i m e  f o r  two a t h l e t e s ,  t he  degree of physical  preparedness 
causes a d i f fe rence  i n  pulse  reac t ions  t o  loads ( t h i s  d i f f e rence  i s  much 
g rea t e r  than the  i n i t i a l  d i f f e rence ) .  On t h e  o ther  hand, and which i s  
p a r t i c u l a r l y  important, as t h e  most i n t ens ive  loads are approached, a decrease 
i n  d i f f e rences  i n  ind iv idua l  d i f fe rences  i s  noted. This can a l s o  be seen on /351 
Figure 102: 
during the  most i n t ens ive  loadings t h e i r  peaks almost correspond, i . e .  t he  
curve with i n i t i a l  bradycardia shows a much sharper  r i s e .  In a t h l e t e  , t h i s  
phenomenon is  noted beginning with loads of moderate i n t e n s i t y .  

- 
i n  s p i t e  of  t h e  sharp d i f fe rence  i n  t h e  l e v e l  of t h e  two curves,  

r 'I 

Figure 102. Radiopulsogram D u r i n g  Exercise i n  "Health Group" 
11/5/1960 f o r  T-va, 32 Years O l d  (Solid L i n e ) ,  and K-va, 48 Years 
Old  (Dotted L i n e ) .  Exercises:  1 ,  2 ,  4,  as  on  Figure 101; 
3 ,  walking i n  p lace;  9-15, s e r i e s  of exerc ises  w i t h  exerc ise  
bars ;  16, s i t t i n g  on f l o o r ,  legs a t  angled pos i t ion  -- chang,e 
pos i t ion  of l e g s ;  17 ,  breathing exerc ises  s i t t i n g  on f l o o r ;  
18, s i t -ups ;  19, dance s t eps  i n  motion; 20, walking on bar ,  
j u m p ;  2 1 ,  carrying equipment; 22 ,  "polka i n  the  park"; 
23,  s i t -ups ,  hands b e h i n d  head; 24 ,  p u s h - u p  from wall bar ,  arms 
a t  chest  l e v e l ;  25, leg r a i s e ,  supported on wall bar .  Ci rc les  

mark in s t ruc t ions .  Other symbols as  on Figure 99. 

In  analyzing pulse  r eac t ions  t o  measured laboratory loads ' (S .  P. Letunov 
t e s t )  it has been shown t h a t  t h e  increase  i n  pulse  frequency i s  g r e a t e r  both 
absolu te ly  and r e l a t i v e l y  for persons with lower pulse  r a t e s .  
ind iv idua l  d i f fe rences  i n  t h e  i n i t i a l  values  a r e  smoothed by t h e  influence 

' of  loads ( I .  G.  Pe r l ina ,  1957; e t c . ) .  On t h e  b a s i s  of  t h e  above, it would be  
erroneous t o  evaluate  the  magnitude of pulse, reac t ions  by t h e i r  r e l a t ionsh ip  
t o  t h e  i n i t i a l  q u a n t i t i e s .  

AS a r e s u l t ,  
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It i s  more proper t o  eva lua te  the  absolu te  values  of  pu lse  frequency with 
var ious loads i n  p r a c t i c e ,  comparing these  q u a n t i t i e s  with t y p i c a l  da ta .  

In addi t ion  t o  t h e  s tudy of  t h e  reac t ions  of  t h e  card iac  rhythm t o  
individual  forms of work, continuous rad io te lemet r ic  recording of t h e  pulse  
frequency has allowed a new ind ica to r  of  t h e  i n t e n s i t y  of a t r a i n i n g  load on 
an a t h l e t e  t o  be introduced -- t h e  mean pulse  frequency during t h e  t r a i n i n g  
exerc ise .  

In  p r a c t i c e ,  t h i s  i nd ica to r  is  q u i t e  usefu l .  In runners and s k a t e r s ,  it 
averages from 130 t o  165 (usual ly  140-150) bea t s  p e r  minute; i n  o l d e r  persons 
performing gymnastic exerc ises ,  t h e  f i g u r e  is  from 90 t o  130 (usual ly  110-. 
120) bea t s  p e r  minute. 

- /352 

In composing approximate norms of pulse  reac t ions  and t h e i r  p r a c t i c a l  
u t i l i z a t i o n ,  it i s  important t o  consider,  as t h e  inves t iga t ions  o f  ska te r s  
and heavy a t h l e t e s  have shown, t h a t  t he  "working pulse" of highly qua l i f i ed  
a t h l e t e s  i s  segu la r ly  lower than i n  l e s s  q u a l i f i e d  a t h l e t e s .  The quest ion 
arises: what i s  t h e  reason f o r  t h i s  fact -- t h e  degree. of t r a i n i n g  o r  t he  
age ( the  group of  highly q u a l i f i e d  a t h l e t e s  is always o lde r ,  and as we know, 
t h e  amplitude of t h e  p u l s e . r e a c t i o n  decreases with increasing age).  
t o  t h i s  quest ion was produced i n  t h e  observations o f  R. N. Karelina,  (1963). 
Summarizing radiopulsograms during t r a i n i n g  exerc ises  i n  gymnastics i n  two 
subgroups of  highly q u a l i f i e d  a t h l e t e s  o f  d i f f e r e n t  ages (averaging 17.2 and 
2 3 . 1  years ) ,  no d i f f e rences  were found i n  the  amplitudes o f  t he  pulse  
react ions.  

An answer 

. Thus, within t h i s  age range, the  dec is ive  inf luence  is  t h e  l e v e l  of  
general  and s p e c i a l  t r a i n i n g  of  t h e  a t h l e t e .  

Factors causing an increase  i n  pulse  frequency during muscular a c t i v i t y ,  
and a l s o  f ac to r s - in f luenc ing  t h e  na ture  of t he  pulse  reac t ion ,  a r e  q u i t e  
var ied.  F i r s t  of  a l l ,  an extremely important r o l e  is  played by t h e  energy 
expenditure of t he  organism, which determines t h e  oxygen reserve  and, through 
t h e  neurohumoral regula tory  system, causes a corresponding increase  i n  t he  
work o f  t h e  cardiovascular  and o the r  systems. Secondly, t h e  degree o f  
muscular stress is  very important,  i . e .  t h e  i n t e n s i t y  of t he  propriocept ive 
impulses, which cause a number of changes i n  t h e  mechanism of  the  motor- 
v i s c e r a l  r e f l e x  (M. R. Mogendovich, 1957). Thirdly,  t h e  pos i t i on  o f  t h e  body 
has an inf luence.  
downward, t h e  pulse  i s  increased t o  a l e s s e r  ex ten t .  
f a c t o r  i s  tremendously important.  

When exerc ises  a r e  performed lying down o r  with the  head 
Fourth, t he  emotional 

In female a t h l e t e s  whom w e  observed playing baske tba l l ,  during a t r a i n i n g  
game the  pulse  remained a t  180 bea t s  pe r  minute and higher  f o r  15-20 minutes 
(up t o  198 bea ts  p e r  minute), although the  i n t e n s i t y  of  t h e  physical  load 
hardly required t h i s .  During competition (running, skat ing)  t h e  pulse  
frequency according t o  our da t a  averages 120-132 bea ts  p e r  minute a t  t he  start  
(up t o  144 bea ts  p e r  minute i n  some a t h l e t e s ) ,  averaging 180-216 bea t s  p e r  
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per  minute as t h e  course is  run and 204-230 b e a t s  p e r  minute and higher a t  t h e  
f i n i s h  l i n e .  

Whereas during t r a i n i n g  exerc ises  only i n  ind iv idua l  cases  a r e  pulse  
f requencies  higher  than 200 bea ts  pe r  minute recorded, a t  t h e  f i n i s h  l i n e  i n  
competition, values below 200 bea ts  pe r  minute a r e  l e s s  common. The highest  
value which we recorded was 234 bea ts  pe r  minute. However, t h e  p o s s i b i l i t y  
cannot be  excluded af even more s i g n i f i c a n t  changes, which have been reported 
i n  the  l i t e r a t u r e  (M. V. Raskin, V. S. F a r f e l ' ,  1947; A. P. Tambiyeva, 
Ye. A. Shirokova, 1958). 

/353 - 

In  addi t ion  t o  t h e  var ious f a c t o r s  r e l a t e d  to t h e  na ture  of t h e  load 
performed and t h e  emotional background, t h e  pulse  frequency during work i s  
influenced by the  surrounding s i t u a t i o n  (microclimate, e t c . ) ,  as well  as a 
number o f  f a c t o r s  r e l a t e d  t o  t h e  condition of  t h e  organism. 
p a r t i c u l a r l y  the  presence of f a t igue .  
pulsograms pr imar i ly  by comparing t h e  dynamics of  t h e  work performed and t h e  
changes i n  t h e  pulse .  Thus , . a t  t he  f i n i s h  l i n e  i n  competition, t he  increase  
i n  pulse  frequency i n  some cases i s  accompanied by an acce lera t ion  of t he  
r a t e  i n  t h e  last  sec to r  o f  t h e  race ,  while i n  o the r  cases  the  running speed 
even decreases,  i . e .  t h e  physiological  s t r e s s  i s  i n e f f e c t i v e  (V. V. Ro'zen- 
b l a t ,  1961). 
recovery during b r i e f  pauses, as well  as upon t r a n s i t i o n  t o  cooling-off 
exerc ises .  For  example, i n  a group of highly q u a l i f i e d  ska te r s  a f t e r  
exerc ises  i n  which the  pulse  frequency was 18O.beats p e r  minute, 30 sec  
l a t e r  t h e  pulse  usua l ly  amounted t o :  a t  t h e  beginning of t r a i n i n g ,  138-144, 
and a t  the  end of t r a i n i n g ,  150-156 bea ts  p e r  minute. If no grea t  lengthening 
of recovery occurs upon mul t ip le  r e p e t i t i o n  of  an in t ens ive  exerc ise ,  t h i s  
i nd ica t e s  t h a t  no g rea t  f a t i g u e  i s  present .  

We must no te  
This f a c t o r  can be  noted i n  radio-  

Fatigue can a l s o  be evaluated by d a t a  on the  dynamics of 

Radioelectrocardiography. The da ta  ava i l ab le  on radioelectrocardiography 
i n  a t h l e t e s  a r e  s l i g h t .  However, c e r t a i n  f a c t s  a r e  known which a r e  of  
d e f i n i t e  methodological, p r a c t i c a l  and s c i e n t i f i c  i n t e r e s t .  

Unt i l  recent ly ,  t he re  has been no s u f f i c i e n t l y  po r t ab le  apparatus which 
could record an undis tor ted  electrocardiogram remotely f o r  a f r e e l y  moving 
a t h l e t e .  

The first approximation of such an apparatus i n  t h e  USSR was t h e  type 
TEK-1 te le -e lec t rocard iograph  (T. Ye. Timofeyeva, V. A. Antselevich, 1960), 
which was approved by the  members of  t h e  Central  S c i e n t i f i c  Research I n s t i t u t e  
f o r  Physical Culture ( I .  I. Knyazev, V. V. Matov, 1962; S. P. Letunov, 
V. V. Matov, 1963). 

In  February of  1962, w e  completed t h e  development of t h e  R E K - 1  radio-  
t e l eme t r i c  system, which allows remote recording of  an undis tor ted  e l ec t ro -  
cardiogram of an a t h l e t e  even during very in t ens ive  muscular a c t i v i t y .  The 
electrocardiograms were f i rs t  taken i n  one chest  b ipo la r  lead ( s imi la r  
t o  a c e r t a i n  extent  with s tandard lead I1 and p a r t i c u l a r l y  t o  leads  V4 and 
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V3). Both e lec t rodes  are fas tened  along t h e  median l i n e  of  t h e  c l av ic l e :  
one t o  t h e  r i g h t  a t  t h e  l eve l  of t he  second r i b ,  t h e  o t h e r  on t h e  l e f t  at the  
l eve l  of t h e  seventh r i b  (A. T. Vorob'yev, V. M. Stolbun, 1963). 

The b iocurren ts  of t h e  h e a r t  a r e  taken o f f  by f l u i d  e lec t rodes  held by 
suc t ion  a f t e r  treatment of  t h e  sk in  (V. V.  Rozenblat, A. T. Vorob'yev, 1961). 

The f i rs t  inves t iga t ion  performed using the  R E K - 1  was recording of 
, 

radioelectrocardiograms of seven skaters during competit ion a t  t h e  F i r s t  
Winter Games of t h e  Peoples of  t he  USSR (V. V. Rozenblat, A. T. Vorob'yev, 
R .  V. Unzhin, 1962). Those inves t iga ted  included champions and record holders  
of the 'wor ld  and.of  t h e  country. The radioelectrocardiograms were taken 
during competition over d i s t ances  of 1500, 3000 and 10,000 m during t h e  
warm-up, during the  race  and during the ' recovery  per iod (quiet  ska t ing) .  
Primary a t t e n t i o n  was concentrated on the  dynamics o f  t h e  electrocardiogram 
during the  t r a n s i t i o n  from moderate loading (warm-up) t o  the  highest  s t r e s s  
(competit ion).  

The in t e r f e rence  from t h e  b iocur ren ts  i n  t h e  muscles i s  not  too g r e a t .  
The g r e a t e s t  i n t e r f e rence  r e s u l t s  from movement of t h e  e lec t rodes  and changes- 
i n  t h e  r e s i s t a n c e  between e lec t rodes  and skin.  
e l imina te  t h i s  i n t e r f e rence  (V. V. Rozenblat, A. T. Vorob'yev, 1961) allows 
recording of b iocur ren ts  even during very in t ens ive  work. 

Usage of  methodology t o  

A s  the  electrocardiogram is  being recorded, add i t iona l  information can be 
produced. This includes t h e  pulse  frequency and r e s p i r a t i o n  frequency. 

The time i n d i c a t o r s  on the 'e lectrocardiogram , p e e  completely with the  
long-estabi ished idea  t h a t  during tachycardia,  p a r t .  u l a r l y  t h a t  caused by 
physical  s t r e s s ,  t h e  c a r d i a c , c y c l e  i s  shortened pr imar i ly  by shortening the  
d i a s t o l e .  
as  t h e  rhythm increases  t o  d is tances  up to.180-ZOO d i a s t o l e  sec to r s ,  T-P 
a c t u a l l y  disappears  completely, t he  P wave i s  superimposed on the  T wave and 
p rec i se  determination of P-Q and QRST becomes impossible. 

The P-Q i n t e r v a l  and t h e  QRST complex were s l i g h t l y  shortened, bu t  

The approximate 'value of  t he  s y s t o l i c  i nd ica to r  increases  here t o  70-80% 
and even more. 
s e c t o r  i n  t h e  P-Q i n t k r v a l .  The ana lys i s  of  t h e  changes i n  configurat ion of 
t he  electrocardiographic  curve i s  l imi ted  i n  t h a t  we had da ta  on'ly from one 
lead. Changes were q u i t e  moderate. A s  a r u l e ,  a decrease i n  t h e  S-T s e c t o r  
was noted i n  a l l  a t h l e t e s ,  which, according t o  d a t a  i n  the  l i t e r a t u r e ,  i s  
typical f o r  tachycardia  upon physical  loading. A tendency was noted t o  a 
decrease i n  the  amplitude of t h e  R wave and an increase  i n  the  S wave. 
T wave during the  process of  loading changes only s l i g h t l y  and noncharacter- 
i s t i c a l l y l .  During the  first minutes a f t e r  completion of t h e  loading, a 

The e l e c t r i c a l  d i a s t o l e  of t h e  v e n t r i c l e s  occupies a b r i e f  

The 
/355 - 

-from t h e  r e sa - t s  o f  most inves t -  
i g a t o r s  who s tudied  changes i n  the  electrocardiogram during muscular 
work -- Ed. 
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tendency i s  noted t o  an increase  i n  t h e  T wave. In some a t h l e t e s ,  t h e  t y p i c a l  
loading changes described above (lowering of S-T interval ,  decrease i n  R wave, 
increase  i n  S wave) were expressed upon t r a n s i t i o n  from warm-up t o  the  
s t r e s s e d  competit ive s t a t e  q u i t e  c l e a r l y ,  while i n  o t h e r s , t h e  change was l e s s  
s i g n i f i c a n t .  

We a l s o  performed radioelectrocardiographic  inves t iga t ion  of heavy 
a t h l e t e s  during t r a i n i n g  exerc ises  and competiti'on. 
inves t iga ted  (masters of spo r t s ,  first, second and t h i r d  c l a s s  a t h l e t e s ) .  
Twelve observations were made during t r a i n i n g  exerc ises  and s ix teen  i n  
competition. 

In  a l l ,  28  a t h l e t e s  were 

As a r e s u l t  o f  the 'g rea t  static-dynamic e f f o r t s  required i n  weight 
l i f t i n g ,  the  b iocur ren ts  of t he  muscles are recorded considerably more 
in t ens ive ly  than i n  ska te r s ,  although t h i s  type of "noise" appears only a t  t h e  
moment of t h e  p r inc ipa l  movement, which lasts f o r  a f e w  seconds. I t  prac- 
t i c a l l y  represents  no d i f f i c u l t y  i n  ana lys i s  of t h e  form of  t h e  e l e c t r o -  
cardiogram (Figure 103). Noise from muscular b iocur ren ts  r e s u l t s  from the  
work of the  muscles d i r e c t l y  beneath the  e lec t rode  ( loca l ly ) ,  while remote 
groups have no not iceable  inf luence on t h e  electrocardiogram even during 
in t ens ive  work. The proof of t h i s  i s  t h e  "press" exerc ise  (where t h e  chest  
muscles beneath t h e  e lec t rode  work in t ens ive ly  and t h e  b iocur ren ts  a r e  
recorded heavi ly)  and the  "squat with ba r  on shoulders" exerc ise  carrying a 
heavy weight, where the  b iocur ren ts  of t he  muscles a r e  almost not seen a t  a l l  
on t h e  electrocardiogram, although the  s t r e s s  o f  the  muscles of  t he  back, 
thorax and lower ex t remi t ies  i n  t h i s  case i s  g r e a t e r .  

The time ind ica to r s  o f  t h e  radioelectrocardiogram were character ized 
as t h e  pulse  frequency increased by the  same changes a s  f o r  t h e  ska te r s .  The 
configurat ion o f  the  electrocardiogram upon t r a n s i t i o n  from r e l a t i v e  qu ie t  t o  
i n t ens ive  work was charac te r ized  by changes within t h e  l i m i t s  of the  physio- 
l og ica l  inf luence of t he  g rea t  physical  loads.  

In  almost a l l  the  a t h l e t e s  s tud ied ,  t h e  amplitude of  t he  R wave decreased 
s l i g h t l y  during t h e  exerc ise ,  and t h e  S wave increased s l i g h t l y .  The 
amplitude o f  t he  T wave with rap id  pulse  (over 180 bea t s  p e r  minute) was 
increased. Possibly,  i t s  increase  i n  t h i s  case was a r e s u l t  o f  the  super- 
imposit ion of t h e  P wave on t h e  T wave. As t he  d i a s t o l e  was lengthened and 
separa te  P and T waves appeared, t h e  amplitude of t h e  T wave was decreased t o  
i t s  i n i t i a l  values.  

In the  overwhelming majori ty  of curves i n  t h e  process o f  observation no /357 
pathological  changes were noted. 
idua l  cases.  Thus, when a heavy weight was l i f t e d ,  two ' a th l e t e s  with i n i t i a l  
i nd ica to r s  of  over t ra in ing  (subject ive)  showed a clear drop i n  the  T wave on 
t h e  radioelectrocardiogram, which was depressed immediately a f t e r  l i f t i n g  t h e  
bar -and  remained low for 30-50 sec, then began gradual recovery of  i t s  ampli- 

i n  t he  T wave ind ica t e s  d i s rup t ion  o f  t h e  recovery processes i n  t h e  myo- 
cardium, and although t h e  a t h l e t e  does not  have any physical  complaint, i n  

These were discovered only i n  some indiv-  

/358 tude  t o  t h e  i n i t i a l  value over 2-3 min (Figure 104). This sharp drop - 

333 

I 
111 I I I I  I1111 I 111.11111111 I I  I 



combination with o the r  da t a  t h i s  may be one of  t h e  ob jec t ive  ind ica to r s  of 
i nc ip i en t  over t ra in ing .  In  one a t h l e t e  i n  competition, s eve ra l  t imes upon 
approaching t h e  b a r  and immediately after the  exerc ise ,  p a r t i a l  block of  t h e  
r i g h t  branch of t he  bundle of  H i s  was noted. In  t h e  l i t e r a t u r e ,  ind iv idua l  
cases of t h i s  pathology have been descr ibed (V. T i sh le r ,  1959). In  another 
case through t h e  e n t i r e  competit ive cycle  immediately a f t e r  performance of 
exerc ises ,  individual  v e n t r i c u l a r  ex t r a sys to l e s  were noted, which disappeared 
0.5-2 min after beginning of t h e  recovery per iod.  

In summarizing the  materials produced, we can s ta te  t h a t  competit ive 
loads,  according t o  e lec t rographic  da ta ,  a r e  q u i t e  adequate t o  t h e  capac i t i e s  
of  t he  t r a i n e d  a t h l e t i c  hea r t  and cause no changes similar t o  pathological  
changes, even a t  t h e  moment o f  g r e a t e s t  stress. Consequently, i n  c l i n i c a l  
evaluat ion of  a radioelectrocardiogram during t h e  process of competitive 
loading, the  normal c r i t e r i a  must be used. 

Since 1964, we have gone over t o  two-channel rad io te lemet r ic  invest iga-  
t i o n s ,  concentrat ing our a t t e n t i o n  on t h e  c l i n i c a l  and physiological  study of  
a t h l e t e s  with e x t r a s y s t o l i c  arhythmia. 

In conclusion, we note  t h a t  successful  development of  dynamic radio-  
e lectrocardiography and in t roduct ion  of t h i s  process i n t o  spo r t s  medical 
p r a c t i c e  w i l l  r equ i r e  t h a t  a number of problems be solved. 

Thus, w e  must un i fy  t h e  methodology of leads and c l a r i f y  t h e  s p e c i f i c s  o f  
t h e  curves recorded using these  leads  i n  comparison t o  t h e  leads genera l ly  
used i n  c l i n i c a l  p r a c t i c e  (standard,  monopolar from ext remi t ies ,  monopolar 
precord ia l ) .  A t  t h e  present  time, q u i t e  var ied  b ipo la r  precord ia l  leads a r e  
used (A. Ya. P le shch i t se r ,  1953; Carbery e t  a l . ,  1960; Nehb, 1938; Holmgren 
e t  a l . ,  1961; L. A. Butchenkq, 1963). We must a l s o  c r e a t e  r e l i a b l e  multi-  
channel devices f o r  radiotelemetry.  

System f o r  Automatic Construction of Curves of Transient Processes in 
Cardiodynamics 

The t a s k  of  i nves t iga t ion  of  cardiodynamics during in t ens ive  and vari,ed 
muscular a c t i v i t y  is  one of t h e  most press ing  i n  spo r t s  medicine. One method 
which y i e lds  very complete information concerning t h e  con t r ac t ive  a c t i v i t y  of 
t h e  hea r t  i s  phase ana lys i s  of  t h e  card iac  cont rac t ion ,  performed on t h e  b a s i s  
of polycardiographic techniques.  Therefore, t he  usage of phase ana lys i s  f o r  
t he  study o f  t he  r eac t ions  of. the  hear t  t o ' p h y s i c a l  loads has t h e o r e t i c a l  and 
and p r a c t i c a l  s ign i f icance .  The curves of  t r a n s i e n t  processes thus  produced, 
r e f l e c t i n g  changes i n  t h e  parameters i n v e s t i g a t e d w i t h  time, allow us t o  
determine the  mechanisms and q u a l i t y  of regula t ion  of the  c i r cu la to ry  system 
(V. L. Karpman, 1965). This i n  t u r n  can be used t o  evaluate  t h e  general  func- 
t i o n a l  state and s t a t e  of t r a i n i n g  of t h e  a t h l e t e .  

- /359 
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Figure  103.' Radioelect rocard iogram o f  Ch, 24 Years Old, Heavy A t h l e t e  Second 
Class, Dur ing T r a i n i n g .  Exerc ise  -- p r e s s i n g  90 kg w i t h  t w o  arms: 
a, Approach t o  b a r  (pu lse  f requency 136 beats  p e r  min) ;  b, Bending over  b a r  
(pu lse  109-100 beats  per  min);  c, l i f t i n g  bar  t o  ches t  (pu lse  120-135 beats  
p e r  min);  d, .press ing bar  [pu lse  135-142 beats  p e r  min) ;  e, comple t ion  o f  
e x e r c i s e  (pu lse  150 beats  p e r  ,minJ. 
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Figure 104. Radioelectrocardiogram of Heavy 
Athlete, Master of Sports P, 22 Years Old, 
During Training. Exercise -- snatch 102 kg: 
1 ,  during process o f  exercise: a, bending 
over bar; b, snatch o f  bar (interference from 
muscular biocurrents seen); c, upon com- 
pletion of  exercise (note sharp depression of 
T wave) ; I I ,  30 sec after exercise (T wave 
still depressed); I l l ,  1 min, 20 sec after 
exercise (complete recovery of T wave to 
initial value. 

The beginning of 
the active study of 
the phase structure of 
the heart contraction 
during muscular activ- 
ity was the work of 
V. L. Karpman and 
Yu. K. Shkhvat sabaya 
(1962) , who performed 
synchronous recording 
of the electrocardio- 
gram, carotid artery 
sphygmogram .and phono- 
cardiogram of an 
athlete exercising OR 
the bicycle ergometer. 
However, the 
processing of these 
recordings, consisting 
of cyclical measure- 
ment of the duration 
of the phases of the 
cardiac contraction 
and construction of 
curves of the 
transient processes 
was performed manu- 
ally, which is a 
cumbersome and 
difficult task and 
limits the accuracy of 
the results. 

I 

In connection 
with this, we, on a 
suggestion by 
V. L. Karpman, began 
working on the devel- 
opment of a combined 

computer and radiotelemetric apparatus for automatic phask analysis of the 
cardiac activity of a freely moving athlete. 
constructed allows recordings of the transient processes (immediate informa- 
tion) to be produced directly during an experiment and, furthermore, allows 
the processes to be recorded on an ordinary tape recorder, in order for more 
detailed processing to be performed later. 

The apparatus which we have 

The process of collection and processing of the necessary information is 
completely automated and includes the following principal operations: 
1) transmission of the electrocardiogram, phonocardiogram and central pulse 
sphygmogram of the athlete through a radiotelemetric channel; 2) location 
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of characteristic points on these curves delineating the phases to be 
measured; 3) representation of phase durations in a form convenient for 
recording. 

In correspondence with this, the apparatus developed includes: a four- 
channel radiotelemetric system, an interference-stable unit for detection of 
boundaries of time intervals measured and a multichannel intervalometer which 
converts the durations of these measured phases to analog electrical voltages. 
In the following, we will not discuss the general principles of radiotele- 
metry, which have been discussed particularly by V. V. Rozenblat and his 
colleagues earlier in this collection. 

Telemetry system. The multichannel radiotelemetry system forms a 

As we go over to a description, we will /360 
communications line between the athlete being investigated and the.apparatus 
for processing and recording of data. 
briefly note the electrical and spectral characteristics of the elements of 
the initial curves which are used for detection of boundaries of the phases 
measured, considering the specifics of the transducers used. 

_c 

I 

As we know, an idea concerning the phase structure of the cardiac cycle 
can be produced by combined analysis of three curves: the elxtrocardiogram, 
phonocardiogram and carotid artery sphygmogram. 

The beginning of depolarization of the ventricles corresponds to.the 
Q wave, which is immediately followed by the R wave. This sector of the 
electrocardiogram contains frequencies from 15 to 60 Hz. 
the electrocardiogram, the horizontal DS lead suggested by N. A. Agadzhanyan, 
I. T. Akulinichev et al. (1962) was used, this lead being distinguished by 
high interference stability and the production of a high-amplitude R wave. 
The electrodes were fastened to the test subject by a tight rubber collar. 
With this placement of the electrodes and ether treatment of the skin, the 
amplitude of the R wave at the input to the electrocardiographic amplifier 
reaches 2 mv. 

In order to record 

Closure of the mitral and aortal valves of the heart is accompanied by 
appearance of tones I and I1 on the phonocardiogram, the frequency range of  
which (excluding the low-frequency range of tone I) is 100-200 Hz. The 
beginning of high-frequency oscillations of tone I corresponds to the begin- 
ning of the mechanical systole, while the beginning of tone I1 corresponds to 
the end of the protodiastole. .In order to record the phonocardiogram, we used 
a piezoelectric microphone developing a voltage up to 100 mv into an impedance 
of 50 kilohms. 

In order to determine the moment of transition of the phase of isometric 
contraction to the phase. of expulsion, we use the central pulse sphygmogram. 
?e characteristic point on this curve is the beginning of the anacrotic rise. 
The correction required for the propagation time of the pulse wave from the 
heart to the transducer on the neck is introduced to the system in the 
arithmetic device (Figure 105). 
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Figure 105. Functional Diagram of Complex of Apparatus for 
Automatic Phase Analysis of Cardiac Activity of Athlete. 
Elements of radiotelemetry system: EA, electrocardiographic 
amplifier; SA, amplifier for first derivative of sphygmogram; 
PA, phonocardiogram amplifier; E, constant voltage at input o f  
synchronization channel; K,  electronic commutator; PWM, pulse 
width modulator; UHF Xmtr, UHF transmitter; .UHF Rcvr, UHF 
receiver; F, rectangular pulse former; S, synchronization 
pulse separation circuit; C ;  PWM-analog voltage converter. 
Elements of detection unit: LF, linear filter; N O ,  null organ, 
threshold decision device; TST, threshold setting tracer cir- 
cuit; T V G ,  threshold voltage generator. Elements of multi- 
channel intervalometer: T G ,  trigger; V ,  potential-pulse valve; 
PP, automatic cardiac cycle measuring circuit; AD, arithmetic 
device; RD, multichannel recording device; MAG, magnetic tape recorder 

A special investigation (V. L. Karpman, Z. " Z .  Belotserkovskiy and 
V. L. Utkin, 1966) showed that for phase analysis, the pulse curve can be 
successfully replaced by its first derivative. 
a miniature electromagnetic type rate transducer, with low internal impedance, 
providing a voltage at the iiput of the amplifier of up to 2 mv. 

This has allowed the usage of 

The electrical signals from the transducers are sent to the inputs of the 
channel amplifiers (Figure 105), the frequency characteristics of which are 
matched to the spectral composition of the characteristic sectors of the 
initial curves. 
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After amplification, t h e  electrocardiogram, envelope o f  t he  phonocardio- 
gram and sphygmogram are s e n t  t o  t h e  e l e c t r o n i c  commutator of t h e  t r ansmi t t i ng  
device o f  t h e  telemetry system (K on F i g u r e  105). 
outputs o f  t h e  channel amplif iers  t o  t h e  input o f  t h e  pu l se  width modulator 
(PWM on Figure 105) i n  sequence. 
modulator i s  converted t o  a proportional width o f  t h e  pulse  a t  i ts  output. 
a r e s u l t ,  pulses belonging t o  a l l  channels being t ransmit ted a l t e r n a t e  i n  t h e  
o v e r a l l  pulse  sequence modulating t h e  carrier frequency of t h e  r ad io  t r ans -  
mitter.  

The commutator connects t h e  /361 - 
The l eve l  of t h e  vol tage a t  the  input of t h e  

A s  

A t  t h e  receiving end of t h e  communications l i n e ,  t h e  rectangular  form o f  
t h e  channel pulses  i s  r e s to red ,  then t h e  pulses  are d i s t r i b u t e d  i n t o  t h e  
corresponding channels. 
t ransmit t ing device. 

The same e l e c t r o n i c  commutator i s  used as i n  t h e  

In  order  t o  match t h e  operation of t h e  commutators, one of t h e  channels /362 - 
o f t h e  system carries a synchronizing pulse .  This same channel i s  used f o r  
compensation o f  i n t e r f e rence  i n  t h e  r ad io  channel. 
constant value i s  t ransmit ted through t h e  synchronization channel, which i s  
d i s t o r t e d  i n  t h e  r ad io  l i n e  along with t h e  s igna l s  of t h e  electrocardiogram, 
phonocardiogram and sphygmogram. A s  a r e s u l t ,  t h e  output o f  t h e  synchroniza- 
t i o n  channel i n  the  receiver  device c a r r i e s  a s i g n a l  which i s  then subtracted 
from t h e  information s i g n a l s  d i s t o r t e d  by noise .  

For t h i s  purpose, a 

Thus, t h i s  multichannel radiotelemetry system r e a l i z e s  t h e  p r i n c i p l e  of 
t i m e  d ivis ion multiplexing o f  a communications l i n e  with pulse  width modul- 
a t i o n  of t he  subca r r i e r .  

We know t h a t  t he re  a r e  two main methods of multiplexing -- time and 
frequency d iv is ion .  
communications channel i n  sequence, while i n  t h e  second case they are located 
i n  nonoverlapping frequency ranges. 
i n t e r f e rence  and equal ly  e f f e c t i v e  i n  communications channel u t i l i z a t i o n .  

In the  f irst  case, t he  s i g n a l s  t ransmit ted e n t e r  t h e  

Both methods are equal ly  r e s i s t a n t  t o  

In multichannel b io t e l eme t r i c  systems, t i m e  d i v i s i o n  multiplexing is  
general ly  not used, due t o  t h e  complexity o f  commutation and synchronization 
systems (R. M.  Bayevskiy, 1965; L. P. Shuvatov, 1959). However, t h e  r ap id  
development of d i g i t a l  computer equipment i n  recent  years has lead t o  t h e  
c rea t ion  of sets of u n i f i e d  elements f o r  t he  conversion and commutation o f  
pulses .  
i z a t i o n  of apparatus f o r  time d iv i s ion  multiplexing o f  biotelemetry 
communications channels e a s i l y ,  creat ing the  necessary c i r c u i t s  from standard 
micromodules. Engineers attempting t o  develop systems using frequency 
d iv i s ion  o f  channels general ly  do not have t h i s  p o s s i b i l i t y .  

This allows us i n  p r i n c i p l e  t o  solve the  problem o f  microminiatur- 

The r ad io  channel o f  t h i s  telemetry system is  formed o f  two standard 
miniaturized UHG t r ance ive r s  with c r y s t a l  frequency s t a b i i i z a t i o n ,  providing 
search-free communications without tuning a t  ranges up t o  2 km (UHF on 
Figure 105). The weight o f  t h e  e n t i r e  apparatus c a r r i e d  on t h e  a t h l e t e  
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during t h e  experiment i s  not  over 1 kg. 
supply switch,  t h e  t r a n s m i t t e r  contains  no cont ro l  or adjustment elements. 

With t n e  exception of  the  power 

The multichannel rad io te lemet ry  system can be used not  only i n  combin- 
a t ion  with apparatus f o r  phase ana lys i s  o f  card iac  a c t i v i t y ,  bu t  a l s o  
independently. 
ampl i f i e r s  i n  the  t r a n s m i t t e r ,  which should be adapted t o  the  p a r t i c u l a r  
t ransducers  used. When des i red ,  t h e  number of simultaneously t ransmit ted 
messages can be e a s i l y  increased t o  8 o r  16. 
replaced by a magnetic t a p e  recorder  (MAG on Figure lOS), t h e  rad io te lemet r ic  
system is  converted t o  a multichannel system f o r  recording of  very low- , 

frequency physiological  s i g n a l s  on t h e  magnetic.signa1 carrier. 

This r equ i r e s  no changes i n  c i r c u i t r y  except f o r  t h e  channel 

If t h e  r ad io  channel i s  

/363 - 
Interference s t a b i l i t y .  The problem of  in t e r f e rence - s t ab le  de tec t ion  of 

The l i t e r a t u r e  contains 
c h a r a c t e r i s t i c  po in ts  on t h e  i n i t i a l  curves i s  the  most d i f f i c u l t  t a s k  i n  the  
c rea t ion  of  apparatus f o r  automatic phase ana lys i s .  
d e t a i l e d  descr ip t ions  of  methods of  suppression o f  i n t e r f e rence  a t  t he  
commercial frequency (A. M. Rybakov, 1965, e t c . ) .  These materials were 
c a r e f u l l y  s tud ied  and used i n  t h i s  development, s ince  t h e  a t h l e t e ' s  body and 
apparatus which he carries are' always subjected t o .  t h e  in t e r f e rence  induced 
from power and l i g h t  wires i n  t h e  stadium or l abora tory  where t h e  inves t iga-  
t i o n  i s  being performed. For cases of high l eve l  of induct ion,  f i l t e r s  of an 
o r i g i n a l  design are provided, with high discr iminat ion f a c t o r  aga ins t  
counterphase noise  of 50 and 100 Hz with minimal d i s t o r t i o n  of t he  form of 
the  use fu l  signal. 

Unfortunately, . the  interEerence with which we must deal  i n  automatic 
t e s t i n g  of  the  condi t ion of  a human or animal i n  the  process of h i s  normal 
v i t a l  a c t i v i t y  amounts t o  more than the  ac background noise .  For example, i n  
automatic phase ana lys i s  of t h e  work o f  an a t h l e t e ' s  h e a r t ,  each of t he  t h r e e  
curves recorded contains ,  i n  addi t ion  t o  t h e  usefu l  components, elements of 
random noise .  In  e lectrocardiography,  noise  a r i s e s  a l s o  as a r e s u l t  of t he  
a c t i v i t y  o f  t he  s k e l e t a l  muscles, accompanied by e l e c t r i c a l  phenomena. 
Respiratory noises  a r e  added t o  t h e  phonocardiogram during t h e  performance of 
physical  exerc ises .  
pulse  curve p a r t i c u l a r l y  s t rongly .  

Movements o f  t he  t e s t  subjec t  d i s t o r t  t h e  form of  the  

. These noises  are random i n  na ture ,  and t h e  d i f f i c u l t y  of  e l iminat ing them 
i s  increased by the  f a c t  t h a t  t h e i r  o r ig in ,  and consequently t h e  p r inc ipa l  
s p e c t r a l  and e l e c t r i c a l  c h a r a c t e r i s t i c s  correspond t o  a g rea t  extent  to.  
t he  c h a r a c t e r i s t i c s  of t h e  use fu l  s igna l .  Proper s e l ec t ion  of the  design of 
t ransducers  and t h e i r  l oca t ion  on t h e  body of t he  t e s t  subjec t  can reduce t h e  
l e v e l  of t h i s  no ise  somewhat, but t he  p r inc ipa l  e f f o r t s  i n  combatting noise  
must be made by the  computer and log ic  devices.  

To the  i n t e r f e r i n g  inf luences  j u s t  mentioned we must add the  noise  and 
e r r o r  introduced i n  t h e  communications channel, cons is t ing  of a multichannel 
radiotelemetry system and i n  t h e  case of  repeated processing of  experimental 
r e s u l t s ,  t he  magnetic recording system as well .  
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The complexity of  t h e  problem has required t h a t  t h e  e n t i r e  a rsena l  of 
technica l  means and methods accumulated by t h e . t h e o r y  of  i n t e r f e rence - s t ab le  
recept ion be used f o r  i t s  so lu t ion .  However, t h e  s p e c i f i c s  o f  t he  problem of 
automatic phase ana lys i s ,  cons is t ing  i n  the  f a c t  t h a t  the  de tec t ion  of 
c h a r a c t e r i s t i c  po in t s  on t h e  i n i t i a l  curves and measurement of  i n t e r v a l s  
between them must be performed p r a c t i c a l l y  instantaneously,  adds i t s  own 
l imi t a t ions  t o  the  s e l e c t i o n  of  a method of no ise  e l iminat ion.  In  
p a r t i c u l a r ,  t he  very e f f e c t i v e  method of in te r fe rence  s t a b i l i t y  augmentation 
c a l l e d  accumulation cannot be used a t  a l l .  Therefore,  w e  must base ourselves  
on methods of r ap id  de t ec t ion  or detec t ion  upon onetime recept ion.  
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The b a s i s  o f  t he  method o f  de tec t ion  used i n  the  device cu r ren t ly  under 
discussion is  t h e  theory of  s t a t i s t i c a l  so lu t ions  (A. A .  Kharkevich, 1963), 
and t h e  p r inc ipa l  c i r c u i t  elements performing t h e  de tec t ion  funct ion a r e  t h e  
threshold dec is ion  device (NO on Figure 105) -- common f o r  t he  channels of  
t h e  electrocardiogram, phonocardiogram and sphygmogram. The threshold 
device,  when in t e r f e rence  a c t s  on i t s  input ,  solves  the  problem of se l ec t ing  
one o f  two poss ib l e  decis ions concerning t h e  presence or absence of  a 
s igna l .  

The noise  i n  the  biotelemetry system f o r  automatic co l l ec t ion  of da t a  i s  
a random process and is  descr ibed by s ta t is t ical  and s p e c t r a l  charac te r -  
i s t i c s .  
optimal system with respec t  t o  in t e r f e rence  s t a b i l i t y .  

Knowledge of t hese  c h a r a c t e r i s t i c s  i s  required i n  order  t o  c rea t e  an 

The v a r i e t y  of no ise  sources ou t l ined  above allows us t o  consider  t he  
r e s u l t i n g  noise  ac t ing  on t h e  input  o f  t h e  threshold device a s  a s t o c h a s t i c  
process with normal, or Gaussian, d i s t r i b u t i o n .  This follows from t h e  
statement formulated by V. N.  Lyapunov t h a t  t h e  sum of a s u f f i c i e n t l y  la rge  
number of  independent random q u a n t i t i e s  has normal d i s t r i b u t i o n ,  regard less  
of  t h e  d i s t r i b u t i o n  of t h e  components. 

In order  t o  provide high in t e r f e rence  s t a b i l i t y  f o r  t h e  system f o r . a u t o -  
matic measurement of  card iac  cycle  phases,  t he  radiotelemetry channel c a r r i e s  
not  t he  i n i t i a l  curves themselves, but  r a t h e r  sho r t  pu lses  corresponding t o  
t h e  moments of appearance of c h a r a c t e r i s t i c  po in ts  on these  curves.  For 
t h i s ,  t h e  channel ampl i f ie rs  of t he  radiotelemetry system a r e  in t en t iona l ly  
s e t  i n  a nonl inear  operat ing mode and the re fo re  perform t h e  operat ion of 
prel iminary de tec t ion  themselyes. 
so se l ec t ed  a s  t o  minimize the  p robab i l i t y  of  erroneous transmission of a 
s igna l .  

The threshold f o r  prel iminary de tec t ion  i s  

The. presence o f  information concerning an expected si ,gnal form i n  the  
form of  a sho r t  rec tangular  pulse  and' t he  assumption of t he  Gaussian na ture  
of t h e  d i s t r i b u t i o n  of  no ise  ac t ing  on the  system allows t h e  method of 
optimal f i l t r a t i o n ,  broadly used i n  r ada r  f o r  t he  de tec t ion  of  weak s igna l s ,  
t o ' b e  used i n  t h e  in t e r f e rence - s t ab le  de tec t ion  sec t ion .  The elements of t h e  
quasi-optimal f i l t e r  i n  t h e  de tec t ion  sec t ion  a r e  a l i n e a r  f i l t e r ,  matched t o  
t h e  frequency c h a r a c t e r i s t i c  of t he  expected s igna l ,  and a threshold  device,  
connected with c i r c u i t s  f o r  automatic threshold s e t t i n g .  
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The decis ion concerning the  presence or absence of t h e  use fu l  s igna l  i n  / 365  - 
t h e  mixture of s igna l  and noise  a t  t h e  input of  t he  threshold device i s  made 
on the  b a s i s  of a comparison of t h e  input and a standard ( threshold)  vol tage.  
The l eve l  of t h e  threshold  i n  t h e  de tec t ion  system should be set s l i g h t l y  
higher  than t h e  noise  l e v e l ,  but  lower than the  l eve l  of usefu l  pu lses .  

Since the  noise  amplitude va r i e s  over wide l i m i t s  during t h e  course of  an 
experiment, t h e  threshold  l e v e l  should a l s o  change, following t h e  noise .  In  
order  t o  achieve t h i s ,  t h e  s tandard input o f  t h e  threshold  device rece ives  a 
vol tage formed by t h e  c i r c u i t  which t r acks  the  threshold  s e t t i n g ,  and i s  
equal t o  t h e  instantaneous value of t h e  noise  envelope. 

An addi t iona l  increase  i n  t h e  r e l i a b i l i t y  of de tec t ion  is produced by 
using d i f fe rences  i n  t h e  s t a t i s t i c a l  p rope r t i e s  of s igna l  and noise .  
no ise  may exceed the  es tab l i shed  threshold with equal p robab i l i t y  at any 
moment i n  time, while t h e  p robab i l i t y  of  formation of  t h e  next useful  pulse  
i n  a sequence i n  each channel changes through the  durat ion of the  card iac  
cycle.  In correspondence with t h i s ,  t h e  threshold l eve l s  of t h e  de tec t ion  
system a re  cont inua l ly  adjusted using t h e  threshold vol tage  generator ,  t h e  
form of t h e  output of which i s  determined by t h e  s t a t i s t i c s  of  t he  i n t e r v a l s  
being measured and the  instantaneous values of  card iac  rhythm (TVG on 
Figure 105). 

Random 

The input of t h e  electrocardiogram, phonocardiogram and sphygmogram 
channel pulse  de tec t ion  u n i t  rece ives  pulses  from each channel i n  s t r ic t  
sequence. 
in te r fe rence  s t a b i l i t y  of processing of  t h e  s t r u c t u r e  of t h e  intervalometer  
u n i t ,  where each preceding pulse  prepares  t h e  p o s s i b i l i t y  of  a r r i v a l  of each 
subsequent s igna l  from t h e  de tec t ion  sec t ion .  This helps  t o  suppress f a l s e  
pulses  i n  a l l  channels except f o r  t h e  channel i n  which the  appearance of a 
pulse  is expected. 

This obvious s i t u a t i o n  was c rea ted  i n  order  t o  increase t h e  

Short pulses ,  formed b y . t h e  threshold c i r c u i t s  i n  the  de t ec to r ,  a r e  sen t  
t o  the  automatic t i m e  i n t e r v a l  measuring device.  

Intervalometer and ar i thmet ic  device. The multichannel intervalometer  
and ar i thmet ic  device connected t o  the  recorder make up t h e  terminal  u n i t  of  
t h e  system f o r  automatic construct ion of  t r a n s i e n t  process curves. 
method of phase measurement of t h e  card iac  cycle  used i n  t h e  intervalometer 
c i r c u i t  can be c a l l e d  t h e  method of pulse  conversion. 
t h e  measured time i n t e r v a l s  a r e  represented i n  t h e  form of rec tangular  pulses  
of equal amplitude. Subsequently, these  width-modulated pulses  a r e  converted 
t o  an analog vol tage,  which is  recorded on a s t r i p  char t  i n  t h e  form of 
t r a n s i e n t  process curves. 

The 

I t  cons i s t s  i n  t h a t  

I t  should be emphasized t h a t  t he  pulse  width modulation used i n  the  
intervalometer c i r c u i t  has nothing i n  common t o  the  pulse  width modulation 
used i n  the  multichannel radiotelemetry system. 
of t h e  pulses  i n  the  intervalometer i s  a r e s u l t  of n a t u r a l  changes i n  t h e  

The change i n  the  durat ion - / 366  
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dura t ion  of  t h e  phases o f  t h e  card iac  cycle .  
t i o n  frequency o f  t h e  pulses  changes, following the  rhythm of  the  h e a r t .  

A t  t he  same t i m e ,  t h e  r e p e t i -  

According t o  the  terminology used i n  t h e  l i t e r a t u r e  on phase ana lys i s  of 
card iac  a c t i v i t y  (V. L. Karpman, 1965), t h e  intervalometer  measures: t he  
durat ion o f  t he  card iac  cycle  (RR) ,  t h e  durat ion of t h e  phase of  asynchronous 
cont rac t ion  (ab1), as well  as t h e  q u a n t i t i e s  bcl and c e l ,  which, consider ing 
the  cor rec t ions ,  a r e  equal t o  the  durat ion o f  t he  phases of i somet r ic  
cont rac t ion  and the  expulsion per iod.  In most card io logica l  i nves t iga t ions  
i n  spo r t s ,  it i s  these  p r inc ipa l  phases which a r e  inves t iga ted ,  s ince  they  
car ry  t h e  most important information concerning t h e  cont rac t ive  funct ion of  
the  hea r t .  

More de t a i l ed  inves t iga t ion  of t h e  s t r u c t u r e  'of t h e  card iac  cont rac t ion  
is performed using the  analog a r i thme t i c  device (AD on Figure 1053, con- 
s i s t i n g  o f  opera t iona l  or decis ion  ampl i f ie rs .  The a r i thmet ic  device allows 
automatic ca lcu la t ion  of phases of t he  card iac  cycle  t o  be performed 
according t o  t h e  following program: 

1 ) phase o f  asynchronous cont rac t  ion (AC)  = ab 

3) period o f  expulsion (E )  = ce  + A 1  - A 2  
4) s t r e s s  period (T) = ab + bc - A 1  
5) mechanical systole 

6 )  t o t a  1 s y s  t o  1 e 

7) ven t r i cu la r  d i a s t o l e  

2)  phase o f  isometric cont rac t ion  ( I C )  = b c  + A 1  

(Sm) = I C  + E 
(So) = Sm + ab 

' ( D )  = C - So ' 

In  t h i s  algorithm, A 2  is  the  durat ion of  t he  pro todias to le ,  A i s  the  1 
time required f o r  propagation o f  t he  pulse  wave from t h e  h e a r t  t o  t he  pulse  
t ransducer .  

determined from s t a t i s t i c a l  da ta .  

The values  of  A1 and A 2  a r e  a r b i t r a r i l y  assumed constant  and 

When necessary,  we can a l s o  ca l cu la t e  t h e  i n t r a s y s t o l i c  index 
IS1 = E/Sm and the  myocardial s t r e s s  index MSI = T/So. 

a r e  included i n  the  computer device which perform the  a r i thmet ic  operat ion of  
d iv i s ion  of two var iab les .  

For t h i s ,  c i r c u i t s  

The low output impedance of t h e  ampl i f ie rs  allows var ious multichannel 
recorders  t o  be used f o r  graphic  recording of  t he  t r a n s i e n t  process curves. 
Convenient and e a s i l y  readable graphics  a r e  produced on broad (up t o  30 cm) 
diaphragm paper by t h e  type EPP-09 automatic e l ec t ron ic  potentiometer.  

- /367 

_ _  - 
1- ab -- --ne -17 bc  -- i n t e r v a l  b e t w e z o n e -  I and 
beginning of anacrote of c e n t r a l  pulse;  ce -- durat ion of sphygmic wave. 

343 



Quanti ta t ive evaluat ion of t h e  r e s u l t s  produced requi res  t h a t  a l l  
channels o f  t h e  intervalometer  be ca l ib ra t ed  using a spec ia l  pulse  generator .  
The scale of  t h e  recording device i s  graduated i n  mil l iseconds.  

The t r a n s i e n t  process curves produced using t h i s  system are used t o  
eva lua te  t h e  "quality" o f  regula t ion  o f  t h e  hea r t  cont rac t ion  d i r e c t l y  during 
muscular work with t h e  tes t  subjec t  moving f r ee ly .  

Autocorrelation Analysis i n  Sports Medicine 

In recent  years ,  au tocorre la t ion  ana lys i s  has become ever more broadly 
used f o r  t h e  inves t iga t ion  of l a t e n t  p e r i o d i c i t y  i n  general  and pe r iod ic i ty  
i n  t h e  card iac  rhythm i n  p a r t i c u l a r  (R. M. Bayevskiy and K. I. Zhukov, 1964; 
V. M. Zats iorskiy and S .  K. Sarsaniya,  1964; D. Zhemaytite, 1965; 
P. V. Vasil 'yeva,  1965; e t c . ) .  Although the re  a r e  many methods i n  modern 
mathematics f o r  t h e  determination of l a t e n t  pe r iod ic i ty ,  t h e  most preferab le  
method f o r  t h e  study of t h e  card iac  rhythm i s  au tocorre la t ion  ana lys i s .  
method was first used f o r  t h i s  purpose by Kusachi (1954), Kat0 (1956), 

ical  methods. 
from cardiotachograms by t h e  s l i pp ing  mean method, they showed t h a t  slow 
pe r iod ic  components (slow waves) a re  cont inual ly  present  i n  t h e  card iac  
rhythm o f  r a b b i t s  and dogs. In  the  overwhelming majori ty  o f  cases these 
slow waves are masked by r e sp i r a to ry  arhythmia and nonsystematic f luc tua t ions  
("noise"), so  t h a t  they a r e  not  d i r e c t l y  observed on recordings and can be 
revealed only by mathematical-analysis .  

This  

. Tominaga (1956), Matsumoto (1962, 1963), who combined it with o ther  matfiemat- 
For example, by el iminat ing t h e  per iodic  r e sp i r a to ry  component 

The essence of  t h e  au tocorre la t ion  method i s  t h a t  values  of  co r re l a t ion  
c o e f f i c i e n t s  ( i n  t h i s  case they  a r e  ca l l ed  s e r i e s  coe f f i c i en t s )  between 
series of  numerical values  produced experimentally i n  t h e  same s e r i e s  
s h i f t e d  by 1,2, ..., n terms a r e  ca lcu la ted .  For example, i f  t h e  durations o f  
card iac  c y c l e s . i n  a sequence a r e  ( i n  t en ths  of a second): 

10, 11, 12 ,  13, 14, 15, 14, 13, 1 2 ,  11, 10, 

t h e  f i rs t  s e r i e s  co r re l a t ion  coe f f i c i en t  can be produced by comparing t h i s  
series with a series s h i f t e d  by one term. We produce t h e  following s e r i e s :  
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/368 - As a r e s u l t ,  p a i r s  of values  o f  t h e  numbers loca ted  one beneath the  
o t h e r  a r e  produced: 

(11, l o ) ,  (12, l l ) ,  (13, E!), etc. up t o  p a i r  (10, 11 ) l .  

These p a i r s  of values  a r e  used t o  ca l cu la t e  t he  first s e r i e s  c o r r e l a t i o n  
coe f f i c i en t .  

The second s e r i e s  c o e f f i c i e n t  i s  produced by s h i f t i n g  t h e  s e r i e s  by two 
terms r e l a t i v e  t o  t h e  first series, i . e .  by forming t h e  p a i r s  (12, l o ) ,  
(13, 11) ,  e t c .  up t o  p a i r  (10, 12) .  The s e r i e s  c o r r e l a t i o n  c o e f f i c i e n t  
e s s e n t i a l l y  ind ica t e s  t h e  degree of  t h e  dependence of  t h e  durat ion of subse- 
quent card iac  cycles  on preceding cyc les ,  i . e .  makes it poss ib l e  t o  answer 
the  following question: i f  we know t h a t  a given card iac  cycle  has a c e r t a i n  
durat ion,  with what degree of  c e r t a i n t y  can we judge t h e  length of subsequent 
cycles  -- t h e  first, second, t en th ,  etc. If a l l  s e r i e s  co r re l a t ion  coe f f i -  
c i e n t s  a r e  equal t o  zero,  t h e  process  is  absolutely chaot ic  and knowledge of  
t he  length of a preceding cycle  gives  us no bas i s  f o r  saying anything 
concerning t h e  durat ion of  subsequent cycles .  

I n i t i a l  b Sh i f t d  

I D 1- 
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Figure  106. Plan' f o r  Determin- 
a t ion  of Ser ies  Correlat ion 
Coeff ic ients .  a ,  S h i f t  by one 
cycle;  b ,  s h i f t  by f i v e  cycles .  

Explanation i n  t e x t .  

co r re l a t ion  c o e f f i c i e n t s  has come t o  be 

~ 

I This i l l u s t r a t i v e .  

If the re  i s  a pe r iod ic  component 
i n  the  process ,  t he  following w i l l  
occur. A t  first,  with small s h i f t s  
of the  s e r i e s  being inves t iga t ed  
(Figure 106, a) ,  t h e  high values o f  
preceding cyc les  w i l l  correspond t o  
high values  of subsequent cycles ,  and 
high p o s i t i v e  co r re l a t ion  w i l l  
ob ta in .  However, as the  s h i f t  i s  
increased, a moment w i l l  occur when 
the higher  values o f  t h e  i n i t i a l  
s e r i e s  correspond t o  the  lower values  
of  subsequent cycles ,  and t h e  rela- 
t i onsh ip  w i l l  become negat ive 
(Figure 106, b) . 

Thus, i f  t h e r e  i s  a l a t e n t  
per iodic  process ,  values  of t h e  
s e r i e s  c o e f f i c i e n t s  w i l l  decrease t o  
negat ive q u a n t i t i e s ,  then once more 
increase.  

The graph 'of  values  of  s e r i e s  
c a l l e d  an autocorrelogram, and the  
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C a l  cu 1 at ion of  s e r i e s c o r r e i a t i o n  
c o e f f i c i e n t s  requi res  considerably l a r g e r  numbers of observations.  
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mathematical expression descr ib ing  the  na ture  of  changes o f  s e r i e s  co r re l a -  
t i o n  coe f f i c i en t s  i s  c a l l e d  t h e  au tocorre la t ion  funct ion.  

Experience i n  t h e  usage of au tocorre la t ion  ana lys i s  shows t h a t  it i s  an 
e f f e c t i v e  means of  reveal ing l a t e n t  p e r i o d i c i t y  even i n  those cases  when t h e  
magnitude of t he  aper iodic  per turba t ions  superimposed i s  q u i t e  g rea t .  

Some r e s u l t s  o f  autocorre la t ion  ana lys i s  f o r  a t h l e t e s .  When t h e  dur- 
a t i o n  of card iac  cycles  is  recorded using s u f f i c i e n t l y  p rec i se  chronographs, 
u sua l ly  considerable  s c a t t e r i n g  i s  noted. 
r a t h e r  chaot ic ,  although i n  some cases  t h e  dura t ions  of  card iac  cycles  depend 
on t h e  phase of  r e sp i r a t ion .  

These f luc tua t ions  a r e  general ly  

I t  has been e s t ab l i shed  t h a t  at 1eas t . two  pe r iod ic  components a r e  
present  i n  t h e  v a r i a t i o n s  i n  durat ion of ind iv idua l  card iac  cycles:  a)  t h e  
well known re sp i r a to ry  f luc tua t ion  of t h e  card iac  rhythm, synchronous with 
t h e  r e sp i r a to ry  excursions of  t h e  thorax ( r e sp i r a to ry  arhythmia), and b) t h e  
so-ca l led  slow waves (pulslangwellen, slow rhythms), discovered first by 
Fleisch and Beckmann (1932). The durat ion of  t h e  slow waves is  much g r e a t e r  
than t h e  durat ion of t he  . resp i ra tory  cycle .  

. Whereas r e s p i r a t o r y  arhythmia i s  observed r e l a t i v e l y  frequent ly ,  t h e  
quest ion i s  more d i f f i c u l t  as concerns t h e  slow waves. 
exis tence of low waves has been c.onfirmed repea ted ly  ( ( C e r l e t t i ,  1946; 
Matthes, 1951; Penaz, 1957; Wegenmann e t  a l . ,  1959; E.  G.  Kyaer-Kingisepp and 
M. A. Epler,  1960 and 1963; e t c . ) ,  they a r e  observed, as Penaz noted 

. cor rec t ly ,  only "under p a r t i c u l a r l y  favorable  condi t ions ." 

Although the  f a c t  of 

Attempts t o  f ind  some r e g u l a r i t y  i n  t h e  s u p e r f i c i a l l y  chaot ic  f luctu-  
a t i o n s  i n  card iac  cycle  lengths  and, i n  p a r t i c u l a r ,  concealed pe r iod ic i ty ,  
have made it poss ib l e  t o  produce new da ta  on t h e  mechanisms of  regula t ion  of 
t h e  card iac  rhythm. 

For spor t s  medicine, l a t e n t  p e r i o d i c i t y  of  t h e  card iac  rhythm i s  
i n t e r e s t i n g  as a p a r t i c u l a r  case of t h e  physiological  rhythms, which a r e  
being given ever  g rea t e r  a t t e n t i o n .  

The da ta  o f  au tocorre la t ion  ana lys i s  o f  t h e  card iac  rhythm i n  a t h l e t e s  
a t  rest present  an extremely va r i ed  p i c tu re .  
a r b i t r a r i n e s s ,  we have d is t inguished  seven types o f  autocorrelograms 
[Figure 107). 

With a c e r t a i n  degree o f  

Type I autocorrelograms (Figure 107, a )  i n d i c a t e  independence of t h e  
durat ion of  subsequent card iac  cycles on preceding cycles  and absence of  
aper iodic  component. In these  s i t u a t i o n s ,  t h e  f irst  values of  co r re l a t ion  
c o e f f i c i e n t s  reach no s t a t i s t i c a l l y  s i g n i f i c a n t  magnitudes (with one percent 
l eve l  of  s ign i f i cance ) .  
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Autocorrelograms of  
- .  type  I1 (Figure 107, b) are 

a r  c h a r a c t e r i s t i c  f o r  r e sp i r -  
a tory  arhythmia: t he  
o s c i l l a t i o n s  are synchronous 
t o  r e sp i r a to ry  excursions of  
t h e  thorax. 

Autocorrelograms of 
type I11 (Figure 107, c )  are 
ca l l ed  "rapidly at tenu-  
a t ing  . 'I Their  values 
decrease t o  zero by t h e  
second-sixth beat  ( i n  

~,, L . 2 w $ y . #  bE' ti< . i; . (' 2-6 sec) ,  then do not  r e tu rn  
t o  s t a t i s t i c a l l y  s ign i f i can t  
magnitudes. This type of 
correlogram corresponds t o  
weakly expressed per iodic  
and s t rong aperiodic per- 
t u rba t ions  ("noise") . 

0,2 - 
4.;' 

'-42 - 
C )-:, L.; $-.-/ 

C ' b  

p 0 .-.9&,'" . . . ~~  p. A, r ..E , , f' 8% I'c 

d .  y.- - 

Autocorrelograms of 
type I V  (Figure 107, d) 
correspond t o  slow per iodic  
components, longer than t h e  
r e s p i r a t o r y  cycle.  

I, '7 
Auto co r r  e 1 ogr ams o f 

type V (Figure 107, e) show 
t h e  superposi t ion of two 
"waves. The resp i ra tory  
frequency waves a re  super- 
imposed on the  slow wave. 

.I. 2 Autocorrelograms of  

Figure 107. Principal Types o f  Cardiac t h e  superposi t ion of two 
Rhythm Au tocorre 1 og rams. 
i n  text. 

. .  f 

. .  
- ' . I g 

>; - 0.- 

type V I  (Figure 107, f )  show 

slow waves. Exp 1 ana t ion 

/371 - Aut ocorrelograms of  
type V I 1 1  (Figure 107, g) 

show the  first negat ive value.  
between duration of two successive card iac  cycles .  

This case corresponds t o  negative dependence 

There is  p a r t i c u l a r  i n t e r e s t  i n  au tocorre la t ion  ana lys i s  o f  t he  
card iac  rhythm during muscular work. 
ergometer a t  400-1500 kg-m/min, correlograms with per iodic  r e sp i r a to ry  
frequency disappeared, and t h e  frequency of appearance of slow waves 
increased. 

Thus, when working on t h e  b icyc le  
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A s  a r e s u l t  o f  a series of spec ia l  i nves t iga t ions  which we performed, it 
was es tab l i shed  t h a t  if t h e  t e s t  subjec t  breathes  a t  d i f fe ren t  f requencies ,  
t he  na ture  of  t h e  autocorrelogram of the  card iac  rhythm changes sharply.  
Thus, at  "low" r e s p i r a t o r y  frequencies (up t o  approximately 30 p e r  minute), 
where one r e s p i r a t o r y  cyc le  corresponds t o  more than  two card iac  cycles ,  
r e s p i r a t o r y  arhythmia i s  c l e a r l y  seen on t h e  autocorrelogram. The durat ion 
of t h e  card iac  cycles  changes on a curve which i s  ve ry  nea r ly  s inusoida l .  

In  cases  when one r e s p i r a t o r y  cycle  corresponds t o  exac t ly  two hea r t -  
bea t s ,  t he  durat ion of  t h e  card iac  cycle changes sharply,  s t r i c t l y  following 
t h e  r e sp i r a to ry  phases. I n  these  cases,  a correlogram with negat ive value o f  
t h e  f irst  s e r i e s  c o r r e l a t i o n  coe f f i c i en t  arises. 

The most i n t e r e s t i n g  r e s u l t s  a r e  produced by au tocorre la t ion  ana1ys.h 
with "high," a r b i t r a r i l y  f ixed  r e sp i r a t ion  frequencies  (80-120 times p e r  
minute). Here, t h e  r e s p i r a t i o n  frequency exceeds t h e  frequency of h e a r t  
contract ions.  
and only au tocorre la t ion  ana lys i s  makes it poss ib l e  t o  determine t h e  l a t e n t  
slow waves. 

In  t h e s e  cakes, t h e  oscil lograms show a r a t h e r  chaot ic  p i c t u r e  

Latent p e r i o d i c i t y  o f  t h e  card iac  rhythm changes e s s e n t i a l l y  upon P 

subcutaneous i n j e c t i o n  of a t ropine  (2 mR of 0.1% so lu t ion  of a t ropine 
s u l f a t e ) .  Atropine, as w e  know, i s  a chol inerg ic  i n h i b i t o r  and as such 
blocks the  e f f e c t  of t h e  vagus nerve on t h e  s inus  node. 

A t  t h e  peak of  t h e  a t ropine  e f f e c t ,  t h e  amplitude of r e sp i r a to ry  v a r i -  
a t i o n s  of t h e  card iac  rhythm is  sharply decreased; t h e  na ture  of t he  auto- 
correlogram a l s o  changes. After  a t rop in i za t ion ,  slow waves appear more 
frequent ly ,  and may occur even with comparatively slow re sp i r a to ry  rhythms. 

Our da ta  ind ica t ing  t h a t  slow waves appear more f requent ly  i n  cases  of 
muscular work and after the  i n j e c t i o n  o f . a t r o p i n e ,  i n  combination with 
repor t s  t h a t  au tocorre la t ion  ana lys i s  can show predominance of  slow waves i n  
cases  of hypoxia (Sagawa, 1960), emotional s t r e s s  ( i n  cosmonauts before 
launching of  a rocket -- A. D. Voskresenskiy and M. D. Vent t se l ' ,  1965), and 
a l s o  i n  t h e  human i n t r a u t e r i n e  foetus  (V. L. Karpman e t  a l . ,  personal repor t  
i nd ica t e  t o  us t h a t  sympathetic nervous e f f e c t s  p lay  an important 
r o l e  i n  the  o r i g i n  of  slow waves. 

/372 

In conclusion, we should say a few words concerning t h e  c a p a b i l i t i e s  of  
Like any o t h e r  t he  au tocorre la t ion  methods o f  analyzing the  ca rd iac  rhythm. 

method, au tocorre la t ion  ana lys i s  has i t s  l imi t a t ions .  Let u s  note  one of - 
these.  
superimposed over a pe r iod ic  process with unchanging frequency, t h e  l a t e n t  
process can be revealed by au tocorre la t ion  ana lys i s .  
considerably more complicated if the  frequency o f  t he  l a t e n t  per iodic  process 
changes. Then, au tocor re l a t ion  ana lys i s  cannot show anything, even though 
l a t e n t  p e r i o d i c i t y  does occur. I t  is  d i f f i c u l t  t o  assume t h a t  t he  b io logica l  
processes which, f o r  example, cause t h e  appearance o f  slow waves, remain ' 

unchanged i n  t h e i r  frequency c h a r a c t e r i s t i c s  f o r  a 1ong.period of  time. In  

If we encounter a case i n  which var ious chaot ic  per turba t ions  are 

The s i t u a t i o n  becomes 
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1 
i t h i s  case, autocorrelation analysis may be f r u i t l e s s .  This i s  why, although 

the presence o f  a periodic component on the autocorrelogram def in i te ly  
indicates existence o f  rhythmic fluctuations i n  the process being invest i -  
gated, the absence of periodic components on the autocorrelogram should be 
evaluated more cautiously. 
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PART I I  I 

D I S R U P T  

Problems of t h e  

ONS I N  T H E  A C T I V I T Y  OF T H E  CARD OVASCULAR 
SYSTEMS OF ATHLETES 

pathology of t he  h e a r t  and vesse l s  i n  a t h l e t e s  are q u i t e  /373 - 
press ing  f o r  modern spor t s  medicine. 
high frequency o f  competit ive stress, t h e  year-round t r a i n i n g  process -- a l l  
of t hese  glace high demands on t h e  a t h l e t e ' s  organism and p a r t i c u l a r l y  on h i s  
cardiovascular  system. Disruptions i n  t h e  operat ion of t h e  c i r cu la to ry  
apparatus r e s u l t i n g  from various pa thologica l  f a c t o r s  are t h e  most frequent 
causes f o r  f a i l u r e  of  a t h l e t e s  of var ious s p e c i a l t i e s  and l e v e l s  of  
qua l i f i ca t ion .  
involved (for example, d i s rupt ions  i n  rhythm, . a r t e r i a l  hypertension) or 
s p e c i f i c ,  d i r e c t l y  r e l a t e d  t o  the  spo r t s  a c t i v i t y  ( f o r  example overs t ress ,  
over t ra in ing) .  

The high volume o f  t r a i n i n g  loads,  

These d is rupt ions  may be e i t h e r  nonspecif ic  f o r  t h e  sport  

The t h i r d  por t ion  of the  present  monograph i s  dedicated t o  a r a t h e r  
broad range of problems of t he  pathology of t h e  cardiovascular  system i n  
a t h l e t e s .  
encountered forms of d i s rup t ion  i n  t h e  work of t h e  h e a r t .  

In  any case,  it discusses  the  most important and most f requent ly  

P a r t i c u l a r  problems of spo r t s  cardiology a r e  t h e  subjec t  of  an essay i n  
which c e r t a i n  c l i n i c a l  aspects  of s p o r t s  cardiology a r e  discussed. 
po in ts  developed i n  t h i s  essay a r e  not  used by a l l  s p o r t s  doctors ,  although 
these  po in t s  can be se r ious ly  supported and the re fo re  should be c a r e f u l l y  
analyzed by a broad .range of s p e c i a l i s t s .  

The 
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CHAPTER X 

SOME C L I N I C A L  PROBLEMS OF SPORTS M E D I C I N E  

ABSTRACT. Factors resu l t ing  i n  d i sease  i n  a t h l e t e s  a r e  
analyzed. T h e s e  f a c t o r s  include changes i n  t h e  external  
med ium,  improper and ine f fec t ive  t r a in ing ,  and intensive 
t r a in ing  exerc ises  attempted by persons w i t h  i n su f f i c i en t  
physical conditioning. T h e  re la t ionships  between chronic 
centers  o f  in fec t ion ,  more common i n  a t h l e t e s  than i n  non-  
a t h l e t e s  and card iac  probl'ems a r e  explored. T h e  importance 
of complete recovery from infect ious d i seases ,  dental  
c a r r i e s ,  e t c .  before resumption of spo r t s  t r a in ing  is em- 
phas i zed. 

Sports cardiology today represents  a l a rge  and i n t e r e s t i n g  chapter both /374 
of  spo r t s  medicine and of  contemporary cardiology. I t s  important sec t ions  
a re :  ana lys i s  of  changes i n  t h e  a r t e r i a l  p ressure ,  c l i n i c a l  evaluat ion of  
s p e c i f i c s  of t he  electrocardiogram of the  a t h l e t e  and d is rupt ions  of hear t  
rhythm, as well as inves t iga t ion  of t h e  s t a t e  represented by ove r s t r e s s  o f  I 

t h e  hea r t .  These problems are b r i e f l y  discussed i n  Chapters X I ,  X I 1  and 
XIII. Natural ly ,  these  problems do not  exhaust t h e  e n t i r e  range of c l i n i c a l  
problems i n  spo r t s  cardiology. In these  chapters ,  t h e  approach t o  the  evalu- 
a t ion  of  changes i n  t h e  cardiovascular  system of  persons involved i n  spo r t s  
d i f f e r s  from t h a t  encountered i n  the  works of o the r  authors (Reindell ,  Kral, 
S. P .  Letunov), i n  t h a t  t h e  treatment of var ious changes of  t h e  cardio- 
vascular ,system of the  a t h l e t e ,  t he  presence of which is  not  denied by anyone 
today, i s  performed from the  c l i n i c a l  s tandpoint .  D i f f i c u l t i e s  of t h i s  
approach include the  fact  t h a t  i n  s p o r t s  medicine the re  are e s s e n t i a l l y  no 
pathophysiological t rends ,  without which c l i n i c a l  evaluat ion of changes 
occurring i n  the  organism of the  a t h l e t e  i s  q u i t e  d i f f i c u l t .  

In  s p i t e  of t he  fact  t h a t  t h e  inf luence of involvement i n  s p o r t s  on t h e  
s t a t e  of t he  cardiovascular  system has been s tudied  f o r  some time, t he re  i s  
as ye t  no s ing le  poin t  of view concerning the  p o s s i b i l i t y  of pathological  
changes i n  the  cardiovascular  system of  the  a t h l e t e  and t h e i r  c l i n i c a l  
evaluat ion.  

In many works both of pa tho log i s t s  and of  c l i n i c i s t s ,  p r i n c i p a l l y  
performed a t  t h e  end of t h e  nineteenth century and beginning of t h e  twent ie th  
century,  one constant  theme was t h e  a f f i rmat ion  of t he  unfavorable inf luence 
o f  spo r t s  a c t i v i t y  on t h e  hea r t .  
a t h l e t e s  was evaluated negat ively,  and the  involvement i n  spo r t s  was used as 
an attempt t o  explain the  increased incidence of  cardiovascular  d i seases  i n  

The fact of h e a r t  enlargement noted i n  m a y  /375 
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many countr ies .  
noted t h e  p o s i t i v e  inf luence of involvement i n  s p o r t s  on the  s t a t e  of hea l th  
and on the  cardiovascular  system i n  p a r t i c u l a r .  

A t  t h e  same time, c e r t a i n  authors  who s tudied t h i s  problem 

The term ' 'sports hear t"  used i n  t h e  l i t e r a t u r e  was a l s o  in t e rp re t ed  
d i f f e r e n t l y .  
sense,  o thers  d id  not  acknowledge t h e  correctness  of  t h e  very exis tence of  
t h e  term and spoke r a t h e r  of t h e  "heart  of t h e  a th l e t e , "  which had a 
considerable capaci ty  f o r  adaptat ion t o  g rea t  physical  loads.  

While some authors used t h i s  term with a d e f i n i t e  pathological 

The extreme opinion t h a t  any "sports  hear t"  is  pathological  was 
countered by the 'd i ame t r i ca l ly  opposi te  point  of view, according t o  which a 
heal thy hea r t  could withstand any physical loads without problems, so t h a t  i f  
any pathological  changes were detected i n  t h e  a t h l e t e ' s  hea r t ,  it indica ted  
t h a t  it had been damaged before  the  beginning of t h e  spo r t s  a c t i v i t i e s .  
These two extreme poin ts  of view, as inves t iga t ions  i n  recent  years have 
shown, cannot be accepted. 

The most nea r ly  accurate  conception i s  t h a t  of G. F. Lang (1938), who 
wrote of  t h e  physiological  and pathological  "sports  hear t"  o r ,  as he sa id ,  
t h e  spo r t s  c i r cu la to ry  system. 

A proper c l i n i c a l  evaluat ion of da t a  produced i n  a study of t he  cardio-  
vascular  system of t h e  a t h l e t e  i s  the  bas i s  not only f o r  t h e  so lu t ion  of t h e  
question of t h e  state of t r a i n i n g ,  but a l s o  f o r  e a r l y  diagnosis  of various 
prepathological  and pathological  conditions.  

S t i l l ,  t h e  c l i n i c a l  manifestat ions and mechanism of formation of var ious 
d is rupt ions  i n  the  state of hea l th  of  t h e  a t h l e t e  r e s u l t i n g  from various 
causes,  including improperly organized s p o r t s  a c t i v i t y ,  i n e f f i c i e n t  t r a in ing  
methods, improper regime and medical supervision remain l i t t l e  sgudied i n  
spo r t s  medicine (S.. P. Letunov, 1963). This i s  explained, i n  our opinion, by 
t h e  considerable separa t ion  of spo r t s  doctors  from c l i n i c a l  p rac t i ce ,  as well 
as by t h e  q u i t e  u n j u s t i f i e d  f e a r  of d i sc red i t i ng  spor t s .  
reasons holds up t o  c r i t i c i sm,  s ince  it is  obvious t h a t  t h e  spo r t s  doctor 
should be a qua l i f i ed ,  c l i n i c a l l y  l i terate  doctor,  always a t  t he  contemporary 
l eve l  of development of medical science.  A s  concerns poss ib le  d i sc red i t a t ion  
of spor t s ,  i f  t h e  i n j u r i e s  and traumas i n  spo r t s ,  which are t h e  subject  of 
t h e  study of spo r t s  traumatology, do not d i s c r e d i t  spo r t s ,  i t  i s  not c l e a r  
j u s t  why damage t o  the  i n t e r n a l  organs should be kept qu ie t .  
aspec ts  must be s tud ied  i n  order  t o  develop means f o r  preventing t h e i r  occur- 
rence, f o r  t h e i r  e a r l y  diagnosis  and t reatment ,  s ince  ne i the r  i n j u r i e s  nor  
d iseases  should occur i n  spo r t s .  

There i s  no doubt t h a t  spo r t s  and hea l th  are synonymous, and t h a t  
involvement i n  spo r t s  cannot and should not  be a reason f o r  t h e  formation of 
any d iseases  of t h e  i n t e r n a l  organs. 
conditions,  which a re  far from always f u l f i l l e d ,  and t o  some extent  cannot be 
f u l f i l l e d ;  therefore ,  a t h l e t e s  s t i l l  become s i ck .  

Neither of these  

Both of t hese  /376 
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However, t h i s  does requi re  ce r t a in  
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The most important reason f o r  t h e  formation of  d i seases  i n  a t h l e t e s  
might cons i s t  of changing condi t ions of t h e  ex te rna l  medium, epidemic 
outburs t s  (grippe, e t c . ) ,  t he  inf luence of which cannot be avoided. 
Therefore,  a t h l e t e s  do f a l l  il.1 with grippe, pneumonia, anginae, e t c . ,  
and it might be assumed t h a t  t h e  high func t iona l  s t a t e  of t h e  a t h l e t e ' s  
organism determines t h e  well  known d i f fe rences  i n  t h e  course of  these  
l fordinaryf l  d i seases  and consequently r equ i r e s  d i f f e r e n t  treatment.  
problem has been i n s u f f i c i e n t l y  s tud ied  and r equ i r e s  special ana lys i s .  

This  

A second f a c t o r  which might cause d iseases  o f  t h e  i n t e r n a l  organs and i n  
p a r t i c u l a r  o f  t he  a t h l e t e ' s  h e a r t  i s  improper and i n e f f i c i e n t  t r a in ing ,  
f a c i l i t a t i n g  t h e  formation of overloads and ove r s t r e s ses  (N. D. Grayevskaya, 
Ye. V. Kukolevskaya, Y a .  A. Mel'nikov, 1963; N. D. Grayevskaya, 1964). 

I t  should immediately be s t a t e d  t h a t  "overloads" a r e  not  necessa r i ly  
caused by g rea t  and in t ens ive  physical  loadings.  
should be understood t o  mean a state a r i s i n g  upon the  performance of a 
physical  load exceeding t h e  c a p a b i l i t i e s  o f  t h e  given person a t  t h e  moment it 
i s  performed. Thus, t h e  same physical  load may be an overload or an 
i n s u f f i c i e n t  load not  only f o r  two d i f f e ren t  people,  but f o r  the  same person 
depending on h i s  s t a t e  of t r a i n i n g  at t h e  moment. 

An overload or over s t r e s s  

. This same f a c t o r  has an e f f e c t  on d iseases  a r i s i n g  i n  an absolu te ly  
hea l thy  a t h l e t e  as a r e s u l t  of var ious d i s rup t ions  i n  the  day 's  schedule, 
feeding, as well  as bad h a b i t s  which a r e  s t i l l  r a t h e r  widespread, unfortun- 
a t e l y .  

F ina l ly ,  a t h i r d  reason f o r  d i seases  i n  a t h l e t e s  i s  t h e  f a c t  t h a t  
persons with var ious h e a l t h  problems.are  allowed t o  t ake  p a r t  i n  i n t ens ive  
t r a i n i n g  exerc ises .  This i s  a r e s u l t  e i t h e r  of  underestimation of  t he  
de fec t s  which t h e  doc tor  has found i n  t h e  state of hea l th  or i n s u f f i c i e n t l y  
p rec i se  diagnosis .  
worse when heavy t r a i n i n g  loads a r e  attempted. 

These de fec t s  i n  t h e  s t a t e  o f  hea l th  appear or become 

Thus, i f  an a t h l e t e  f a l l s  i ll ,  t h i s  may be a r e s u l t  of the  inf luence of /377 
ex terna l  unfavorable f a c t o r s ,  of involvement i n  spo r t s  by a phys ica l ly  
unprepared person, of overloading or over s t r e s s  r e s u l t i n g  from ine f fec t ive  
u t i l i z a t i o n  of  t r a i n i n g  loads and d i s rup t ion  of  t he  t r a i n i n g  regime. 
t hese  f a c t o r s  may be the  b a s i s  f o r  formation and development of  var ious 
types of damage t o  t h e  a t h l e t e ' s  h e a r t .  

A l l  of  

G.  F. Lang s t a t e d  i n  1938 t h a t . e x c e s s i v e  muscular s t r e s s e s ,  both acute  
onetime s t r e s s e s  and systematic  repeated s t r e s s e s ,  sooner or l a t e r  cause 
pathological  changes i n  t h e  myocardium, a s  a r e s u l t  of  which c i r cu la to ry  
def ic iency may even a r i s e .  The bas i s  of  t he  development of t he  changes i n  
t h e  myocardium descr ibed by G. F. Lang i s  t h e  r e l a t i v e  def ic iency of  i t s  
blood supply which occurs i n  case of  considerable  physical  s t r e s s .  A s  a 
r e s u l t  of t h i s ,  t h e  in t ens ive  chemical processes  occurring i n  the  myocardium 
during ac t ive  muscular work a r e  not  supplied with s u f f i c i e n t  oxygen. 
t h e  reason f o r  t h e  appearance of t h e  phenomenon of  f a t igue ,  followed by 

This i s  
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overfat igue of  t h e  h e a r t ,  which a r e  based on var ious biochemical changes i n  
t h e  myocardium, and i n  t h i s  s t age  a r e  s t i l l  r eve r s ib l e .  Then, i f  the  
in tens ive  muscular a c t i v i t y  continues,  t h e  changes become i r r e v e r s i b l e  and 
lead  t o  necros is  of  t he  muscular f i b e r s  i n  the  myocardium. 
sudden death as a r e s u l t  o f  v e n t r i c u l a r  f i b r i l l a t i o n  occurring upon sharp 
d is rupt ion  of t h e  func t ions  o f  conduction, exc i t a t ion ,  and a l s o  as a r e s u l t  
fo sharp biochemical changes i n  the  myocardium. If t h i s  does not  occur, at 
poin ts  of necros is  of t h e  muscular f i b e r s ,  p r imar i ly  i n  the  l e f t  v e n t r i c l e ,  
connecting s c a r  t i s s u e  appears,  i .e .  ca rd iosc l e ros i s  occurs.  This type of 
change, l imi t ing  t h e  working a b i l i t y  of t h e  hea r t ,  c r ea t e s  t h e  conditions f o r  
the  development of chronic  card iac  def ic iency.  

This may lead t o  

The plan of t h e  development of  card iac  def ic iency  described by 
G. F. Lang as a r e s u l t  of physical  ove r s t r e s s  has not l o s t  i t s  s ign i f i cance  
a t  t h e  present  time. However, as w i l l  be seen from t h e  following, it has 
been s l i g h t l y  c l a r i f i e d  on t h e  bas i s  of the .  l a t e s t  s c i e n t i f i c  d a t a  i n  the  
a rea  of  cardiology concerning pr imar i ly  t h e  biochemistry of the  myocardium. 

The statement of G.  F. Lang (1938) t h a t  t h e  t r a n s i t i o n  from physio- 
l og ica l  phenomena i n  t h e  "sports  hear t"  t o  pathological  phenomena 2nd the  
development o f  card iac  def ic iency genera l ly  occur gradual ly  and unnoticeably 
f o r  t h e  a t h l e t e  i s  q u i t e  important and r e t a i n s  i t s  s t r eng th  even today. 
i s  obvious from t h i s  t h a t  simply f ee l ing  well  can i n  no case be considered a 
c r i t e r i o n  f o r  evaluat ion of  high func t iona l  s ta te  of  t he  a t h l e t e ' s  hea r t ,  nor  
can high s p o r t s  r e s u l t s .  Therefore, we must agree f u l l y  with S. P. Letunov 

high spor t s  r e s u l t s  have only r e l a t i v e  value for t h e  diagnosis  of  t h e  s ta te  
of t r a i n i n g .  Unfortunately,  these  two parameters (good f ee l ing  and spor t s  
achievements) a r e  . f requent ly  dec is ive  i n  evaluat ing t h e  s t a t e  o f  hea l th  o f  
the  a t h l e t e .  

I t  

,378 (1949), V. N .  Kovalenko (1959), N .  D. Grayevskaya (1964) and o thers  t h a t  - 

O f  course, absolu te  hea l th  i s  genera l ly  combined with good f ee l ing ,  
although t h e  reverse  i s  far from always t r u e .  
c a p a b i l i t i e s  of t h e  young organism frequent ly  mask var ious types of  organic  
damage t o  the  h e a r t  t o  t h e  ex ten t  t h a t  t h e  p a t i e n t  f e e l s  exce l len t  and 
manifests a high s ta te  of t r a i n i n g .  
t h e  hea r t  damage already present  i s  genera l ly  worsened and sooner o r  l a t e r  
appears as c l e a r  d i s rupt ions  i n  the  funct ion.  I t  i s  obvious from t h i s  t h a t  a 
high l eve l  of  t r a i n i n g ,  l i k e  good f ee l ing ,  can be evaluated p o s i t i v e l y  only 
i f  it i s  based on absolu te  hea l th ,  i . e .  complete absence of any deviat ions i n  
the  s t a t e  o f  hea l th .  

The tremendous compensatory 

However, with in tens ive  physical  loads,  

A high s t a t e  of t ra ining.  with var ious de fec t s  i n  t h e  s t a t e  of hea l th  
cannot and should not serve. as a b a s i s  f o r  grant ing of permission t o  
so-cal led heavy spor t s .  
t i o n  among a t h l e t e s ,  it becomes obvious t h a t  one should not  base any conclu- 
s ions  i n  evaluat ing the  s t a t e  o f  hea l th  on t h e  f ee l ings  of the  a t h l e t e .  
evaluat ion must be based on ca re fu l  c l i n i c a l  i nves t iga t ion  using modern 
diagnost ic  apparatus.  

If we add t o  t h i s  t h e  frequent  cases  of dissimula- 

This 

In  t h i s  respec t ,  t he re  i s  considerable  i n t e r e s t  i n  a 
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a work by L. V. Shapkova (1965) who, working with s k i e r s  i n  t h e  lower 
c l a s s i f i c a t i o n s ,  showed t h a t  a sense of readiness  f o r  work corresponded with 
the  objec t ive  d a t a  only i n  55.1% of the  cases.  
a r i s e s  before the  objec t ive  evidence ind ica tes  readiness ,  sometimes l a t e r .  

Sometimes, t h i s  sensat ion 

Thus, t he  first and p r inc ipa l  t a sk  of t he  doctor i s  prec ise  diagnosis of 
t h e  s t a t e  of t h e  cardiovascular  system and espec ia l ly  manifestat ion of 
organic damage t o  t h e  hea r t .  In  o ther  words, as  concerns t h e  cardiovascular  
system, the  diagnosis:  ' lhealthy" must be given. This diagnosis i s  very 
d i f f i c u l t  and complex, pr imari ly  s ince  t h e  diagnosis of muscular changes i n  
the  hea r t  and nascent valve damage, p a r t i c u l a r l y  damage t o  t h e  mitral  valve,  
is  s t i l l  far from perfect ion.  

I t  i s  not  by chance t h a t  ever  newer methods of inves t iga t ion  are 
appearing i n  t h e  a rsena l  of diagnost ic  methods ava i lab le  t o  t h e  doctor.  
unnot iceabi l i ty  o f  t h e  t r a n s i t i o n  of  t he  "physiological spor t s  hear t"  t o  a 
pathological  s t a t e  g r e a t l y  complicates diagnosis .  A fee l ing  of  sickness w i l l  
occur only a t  a c e r t a i n  l eve l  of d i s rupt ion  of the  a c t i v i t y  of t h e  organism, 
whereas the  doctor should recognize these  d is rupt ions  ear l ier  (I. A. Kassir- /379 
sk iy ,  1964). Therefore, one of t h e  pr inc ipa l  t a sks  of the  spo r t s  doctor i s  
ea r ly  diagnosis of such disrupt ions i n  the  s ta te  of heal th  of  t he  a t h l e t e ,  
d i s rupt ions  which he does not f e e l  and which do not  yet  inf luence h i s  spor t s  
r e s u l t s .  Timely recogni t ion and treatment of t hese  changes w i l l  prevent 
t h e i r  development, which could lead t o  i r r e v e r s i b l e  changes and i n a b i l i t y  t o  
continue spor t s  a c t i v i t y  i f  the  proper s t eps  were not  taken (S. P .  Letunov, 
1949; A. G .  Dembo, 1958; N .  D.  Grayevskaya, 1964;. e t c . ) .  

The 

In recent times, t he  diagnosis of so-cal led funct ional  changes i s  being 
made qu i t e  e a s i l y  i n  spor t s  medicine. 
cardiovascular system as funct ional  does not  e l iminate  t h e  necess i ty  of 
diagnosing these  changes, which i s  usua l ly  not done. Also, a t  t he  present  
time t h e  problem of t h e  funct ional  and organic changes i s  being e s s e n t i a l l y  
res tudied.  I t  i s  more proper t o  speak of  r e v e r s i b i l i t y  and i r r e v e r s i b i l i t y  
of various pathological  s t a t e s ,  which i s  hardly iden t i ca l  t o  t h e  concept of  
funct ional  and organic.  

The in t e rp re t a t ion  of changes of  t h e  

N.  N .  Savi t sk iy  (1964) co r rec t ly  ind ica tes  t h a t  there  i s  no reason t o  
divide diseases  i n t o  organic and funct ional .  This d iv is ion  i s  a r e s u l t  o f  
t h e  organopathological t rend  i n  c l i n i c a l  medicine and el iminates  the  material 
subs t r a t e  from a d isease .  
changes hardly answers t h e  question of  t h e  o r ig in  or of  the  course of  a 
disease.  The reason f o r  d i s rupt ions  i n  the  funct ion of  any organ might be 
extensive anatomical changes or changes a t  t h e  molecular leve l  which cannot 
be determined a t  t h e  present t i m e  due t o  t h e  imperfection of our inves t ig-  
a tory  methods. 

The presence or absence of  ce r t a in  morphological 

We can see from the  above t h a t  t he  spo r t s  doctor  should not l i m i t  
himself t o  a statement t h a t  t he  var ious changes he has detected i n  an a t h l e t e  
are ' tfunctional" i n  na ture ,  and ca l l  them therefore  "deviations." In  each 
case, t h e  doctor should attempt t o  determine the  genesis  of t hese  changes 
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and make h i s  diagnosis ,  s ince  even funct ional  d i seases  should have a concrete 
and genera l ly  recognized s igni f icance .  
done. 

Inc iden ta l ly ,  t h i s  i s  f requent ly  not 

In  analyzing t h e  p r inc ipa l  f a c t o r s  causing t h e  formation of  d i seases  i n  
a t h l e t e s ,  which w e  mentioned above, w e  must d i scuss  c e r t a i n  problems of 
s ign i f icance  from t h e  s tandpoint  of spo r t s  cardiology. 
view, i n  analyzing t h e  f i r s t  group of  f a c t o r s  w e  should b r i e f l y  discuss  the  
cen te r s  of  chronic in fec t ion ,  p a r t i c u l a r l y  chronic  t o n s i l l i t i s .  

From t h i s  po in t  of 

Chronic centers  o f  i n f e c t i o n  i n  a t h l e t e s  should be given considerable  
s ign i f icance ,  s ince  with t h e  g rea t  physical  loads which they ca r ry ,  t he  
p o s s i b i l i t y  a f  a negat ive inf luence  of  t hese  cen te r s  increases  sharply.  . 

Chronic sources of i n fec t ion  must include chronic c h o l e c y s t i t i s ,  more /380 - 
f requent ly  encountered i n  a t h l e t e s  than i n  nonath le tes  (A. G .  Dembo, 1965), 
t e e t h  with c a r i e s  and chronic  t o n s i l l i t i s .  Each of  t hese  sources of  
i n fec t ion  may cause h e a r t  damage. 

In c l i n i c a l  p r a c t i c e ,  changes t o  the  h e a r t  a r i s i n g  i n  p a t i e n t s  su f fe r ing  
from chronic  c h o l e c y s t i t i s  are well known (A. L. Myasnikov, V. A. Galkin,? 
1963). The s p o r t s  medical l i t e r a t u r e  contains  desc r ip t ions  o f  i n t e r s t i t i a l  
Abramov-Fidler type myocardi t is ,  a r i s i n g  i n  persons with chronic  in fec t ions  
i n  response t o  s l i g h t  physical  loads,  sometimes r e s u l t i n g  i n  death 
(Hochrein, Schl icher ,  Frey, e t c . ) .  

V. I. Kovalenko (1959) p re sen t s  an example with a t h l e t e  Kh, r a t e d  i n  t h e  
first c l a s s i f i c a t i o n  as a f r e e - s t y l e  wres t l e r .  
panied by a high temperature,  he continued in t ens ive  t r a i n i n g  and took 
p a r t  i n  competition. 
t ransverse  d i s soc ia t ion  with a pulse  frequency of 10-12 bea t s  p e r  minute and 
Morgan-Adams-Stokes a t t acks .  The a th l e t e .was  subsequently forced t o  discon- 
t i n u e  h i s  involvement with spo r t s .  

In  s p i t e  of angina accom- 

He was s t r i c k e n  with acute  myocardit is  and complete 

S imi la r  examples can be found f requent ly  i n  t h e  l i t e r a t u r e  (Wolf, 1957; 
Prokop, 1958; Hantschel, Frank, 1958; Gedlicka, 1954; e t c . ) .  

Chronic t o n s i l l i t i s  i s  p a r t i c u l a r l y  s i g n i f i c a n t  i n  spo r t s  cardiology. 
According t o  t h e  da t a  o f  many authors  (T. M. Yerokhina, 1958; N. D. Grayev- 
skaya, Ye. V. Kukolevskaya and Ya. A. Mel'nikov, 1959; V. N .  Kovalenko, 1959; 
F. A. Iordanskaya, 1960; L. I .  Stogova, 1961; e t c . ) ,  t h e  percentage of 
a t h l e t e s  with chronic  t o n s i l l i t i s  v a r i e s  from 5 t o  48 depending on t h e  
make-up o f  t h e  group inves t iga ted .  
than the  number of  persons with chronic t o n s i l l i t i s  among nonath le tes  
(A. G. Dembo, 1958; T. M. Yerokhina, 1958; e t c . ) .  The reasons f o r  t h i s ,  a s  
f o r  t he  la rge  percentage of persons with den ta l  c a r i e s  among a t h l e t e s ,  cannot 
be considered q u i t e  clear. 
breathing during t r a i n i n g  and competition, which excludes t h e  p ro tec t ive  r o l e  
of r e s p i r a t i o n  through t h e  nose, cannot be excluded. 

This percentage is  considerably higher  

The p o s s i b i l i t y  of the  inf luence of mouth 
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I: 

This makes obvious t h e  g rea t  s ign i f icance  i n  spo r t s  cardiology o f  t h e  
so-cal led tons i l -card iac  syndrome (B. A. Yegorov, I.  K. Kireyev, 1964; 
V. M. Kovalevich, Y e .  M. Kuperenko, 1964; E.  R. Agababova, Z .  A. V a l ' d m a n  
and A. L. Serkin, 1964; e t c . ) .  This syndrome means t h e  combination of 
chronic tmsill i t is  with var ious inechanisms o f  changes i n  the  myocardium of  
nonrheumatic e t iology.  These combinations are encountered i n  10-15% o f  a l l  
pa t i en t s  suf fe r ing  from chronic  t o n s i l l i t i s  (A. A. Kedrov, 1963). C l in i ca l ly ,  
tons i logenic  in toxica t ion  may manifest '  i tself  i n  various ways -- pains  i n  t h e  
area of  t h e  hea r t ,  rap id  f a t igue ,  sometimes vague pains  i n  t h e  j o i n t s ,  an 
inc l ina t ion  t o  tachycardia d is rupt ion  o f  t h e  hea r t  rhythm, s u b f e b r i l i t y ,  
hypotension, e tc .  In  p a t i e n t s  with chronic t o n s i l l i t i s , a  reduction i n  t h e  
phagocytic 
t h e  s k i n - i s  noted. 
combined i n  var ious ways. 

- /381 
capacity of  neutrophi ls  and t h e  b a c t e r i c i d i c  proper t ies  o f  

However, a l l  these  symptoms are inconstant and are 

Changes i n  t h e  electrocardiogram i n  many cases allow us t o  note  dystro- , 

phic  changes i n  t h e  myocardium or nuclear  myocarditis r e su l t i ng  i n  cardio- 
s c l e ros i s .  Cases of tons i logenic  i n t e r s t i t i a l  myocardit is  have been 
described (S. A. Gilyarevskiy and S. 0. Androsova, 1964, e t c . ) .  

Extended tons i logenic  in toxica t ion  may lead t o  d is rupt ion  of  t h e  
functions of automatism of  e x c i t a b i l i t y  and conductivity.  Also, s tenocardia  
r e su l t i ng  from tons i logenic  in toxica t ion  has been described ( I .  D. Mishenin, 
1965). 

The changes occurring i n  the  card iac  muscle during the  tons i l - ca rd iac  
syndrome are h i s t o l o g i c a l l y  confirmed. Usually, nuclear  i n t e r s t i t i a l  
myocarditis i s  noted, along with necros is  of  t h e  muscular f i b e r s ,  myloysis, 
i . e .  manifestations of nonspecif ic  myocardit is .  

I t  i s  thought t h a t  chronic t o n s i l l i t i s  may be accompanied by neuro- 
vegetat ive disfunct ion with damage t o  var ious organs and systems. These 
disrupt ions may a l s o  be accompanied by changes i n  the  a c t i v i t y  of  r e t i c u l a r  
formation ( R .  G .  Mezhebovskiy, 1963). 

I t  i s  important t o  s ta te  t h a t  t h e  changes i n  the  hea r t  i n  chronic 
t o n s i l l i t i s  a r i s e  independently, regard less  o f  whether it i s  considered 
compensatory or  decompensatory. According t o  the  da t a  of  I .  K .  Kireyev 
(1964), changes i n  t h e  electrocardiogram, a s  well as changes i n  the  vascular  
tonus, were encountered i n  75% of  p a t i e n t s  su f fe r ing  from compensatory and 
decomperisatory t o n s i l l i t i s .  Thus, t h e  concept of  compensation i n  chronic 
t o n s i l l i t i s  is  r e l a t i v e  and, of course,  cannot solve t h e  problem of t h e  
necess i ty  of tonsi i lectomies .  

In spo r t s  medicine, t h e  bas i s  f o r  t h e  treatment of  chronic t o n s i l l i t i s  
should be surg ica l  operat ion and ind ica t ions  toward surgery should be made by 

The ef fec t iveness  o f  conservative treatment i s  not  g rea t ,  and 
i n  44% of  cases,  i n t e n s i f i c a t i o n  occurs. 

* t h e  the rap i s t .  
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111 1ll11l  Ill 

According t o  t h e  da ta  of  many authors (N. A. Bobrovskaya and 
A. S. Sych, 1952; I .  A. Kireyev, 1964; V. A. Yegorov, V. T. Yermolayev and 
Y e .  A. Borshchevskaya; Weicher, Holz, Leonaedelli ,  1964), a f t e r  t o n s i l l e c t -  
omies, t he  electrocardiogram normalizes and complaints disappear  i n  80% of 
cases .  
assures  reverse  development of changes i n  t h e  card iac  muscle. 
development does not occur, these  changes should be considered i r r e v e r s i b l e  
(S. B. Trakhtenberg, S. F. Oleynik and Ye. M. Kucherenko, e t c . ) .  Such 
r e s u l t s  were observed i n  18.8% of  cases ( I .  M. Potashnik, A. M. Nogaller,  
1964), while i n  0.9% of  cases a worsening even occurred. 

Most authors be l ieve  t h a t  t imely performance of tons i l lec tomies  
If reverse  

The da ta  presented ind ica t e  the  s ign i f i cance  of centers  of chronic 
in fec t ion  i n  t h e  formation of  var ious types o f  damage t o  t h e  myocardium. 
Centers of infec t ion  a r e  even more s i g n i f i c a n t  i f  considerable  physical  
loadings are appl ied,  i n  p a r t i c u l a r  with involvement i n  s p o r t s ,  as w i l l  be 
discussed below. 

Going over t o  t h e  second f a c t o r  which may r e s u l t  i n  d iseases  i n  
a t h l e t e s ,  i .e.  ove r s t r e s s  and overloading, a r i s i n g  as a r e s u l t  of  improper 
and i n e f f e c t i v e  t r a in ing ,  f a i l u r e  t o  observe the  t r a i n i n g  regime, e t c . ,  we 
should s t a t e  f irst  of  a l l  t h a t  t h i s  group of  d i seases  i n  a t h l e t e s  i s  the  
l a r g e s t  group, 
loads i n  general ,  without which it i s  impossible t o  imagine modern spor t s ,  
bu t  r a t h e r  of  i n e f f i c i e n t  u t i l i z a t i o n  of l a rge  loads,  when they become too 
g rea t .  

We a r e  not  concerned here  with t h e  usage of high t r a i n i n g  

This depends on t h e  degree of  t r a i n i n g  of  t he  organism. 

A loading appl ied t o  an organism i n s u f f i c i e n t l y  prepared f o r  it, 
p a r t i c u l a r l y  i f  t h i s  i s  combined with i n e f f i c i e n t  'work and d a i l y  l i v i n g  
regimes, bad h a b i t s  and centers  o f  chronic in fec t ion ,  may cause various types 
of damage t o  t h e  cardiovascular  system, not only reducing the  working 
a b i l i t y ,  bu t ,  i f  proper measures a r e  not  taken, completely d is rupt ing  t h e  
organisms o f  t h e  a t h l e t e .  

Ef fec t ive  u t i l i z a t i o n  of high t r a i n i n g  loads by an absolu te ly  hea l thy  
a t h l e t e  prepared f o r  performance of t h e  loads,  cannot r e s u l t  i n  s ickness .  

The s ign i f i cance  of i n e f f i c i e n t  u t i l i z a t i o n  of high physical  loads has 
been c l e a r l y  shown experimentally by P.  Z .  Gudz', 0. V. Kachorovskaya and 
G.  A. Kashpurovskiy (1964). 

The experimentaldata of  t hese  authors confirm f u l l y  the  idea  t h a t  la rge  
loads performed e f f i c i e n t l y .  and a f t e r  t h e  proper prepara t ion  produce 
favorable  changes i n  the  card iac  muscle. On the  o the r  hand, t hese  loads,  i f  
used without t h e  proper preparat ion o r  used i n e f f e c t i v e l y ,  lead t o  manifest 
pathological  changes i n  t h e  myocardium. The authors a l s o  found t h a t  changes 
i n  the  myocardium which were subjec t  t o  reverse  development upon r e s t i n g  
occur again q u i t e  e a s i l y  i f  t h e  physical  loading i s  renewed. 
a hea r t  which has undergone changes as a r e s u l t  o f  extreme physical loading 
i s  more s e n s i t i v e  t o  physical  e f f o r t s  i n  t h e  fu tu re .  
s t age  i n  the  changes i n  t h e  myocardium r e s u l t i n g  from physical  loading, 

In o the r  words, 

Also, a t  a c e r t a i n  
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reverse development may become impossible. These experimental da t a  a r e  o f  
important s ignif icance f o r  an understanding o f  a number of pathological 
changes i n  t h e  a t h l e t e ' s  h e a r t ,  a r i s i n g  as a r e s u l t  of extrema1 and i n e f f i -  
c i e n t  loadings. 
N. D. Grayevskaya, Y e .  V. Kukolevskaya and Ya. A. Mel'nikov (1963) showed /383 
t h a t  t h e  reasons f o r  t h e  formation o f  diseases  r e l a t e d  t o  spo r t s  a r e  d i s t r i b -  
uted as follows: i n  26% -- forced t r a i n i n g  with maximum loadings without 
s u f f i c i e n t  general physical  t r a in ing ,  i n  18% -- one-sided, narrowly spec ia l -  
i zed  t r a in ing  with very s l i g h t  u t i l i z a t i o n  of general  physical  t r a i n i n g ,  i n  
11% -- sharp t r a n s i t i o n  from low t r a i n i n g  loads t o  in t ens ive  loads,  i . e .  no 
gradual increase i n  loadings,  i n  12%. -- p a r t i c i p a t i o n  i n  t r a i n i n g  exe rc i se s  
or competition while ill or  immediately a f t e r  i l l n e s s ,  i n  10% -- i n s u f f i c i e n t  
rest between t r a i n i n g  exercises, i n  5% -- t r a i n i n g  without s u f f i c i e n t  consid- 
e r a t i o n  of young age, i n  10% -- improper method of construction of d r i l l s  and 
i n  8% -- improper conditions i n  which t r a i n i n g  was performed, d i s rup t ion  o f  
t r a i n i n g  regime, etc.  

Analysis o f  t he  diseases  o f  leading a t h l e t e s  performed by 
- 

-~ 
A t h  1 etes 

-~ -. t 
i 8.6 

8.62 
I 10.75 

25.87 
29.12 
17.04 

.. ~ ~ 

The favorable influence of overloadings has been shown i n  the  works o f  
many authors (A. G .  Dembo, 1961, 1963, 1964; L .  I .  Stogova, 1963; 
F. A. Iordanskaya, 1964; S. P .  Letunov, 1957; e t c . ) .  

L 

I t  i s  obvious a t  t h e  present time t h a t  involvement i n  contemporary 
spo r t s  can be permitted only f o r  absolutely heal thy persons with no patho- 
log ica l  deviat ions i n  the  s t a t e  o f  hea l th .  Even t h e  most i n s ign i f i can t  
deviat ions i n  t h e  s ta te  of hea l th ,  not preventing physical cu l tu re  exe rc i se s ,  
may be aggravated by t h e  maximal loads used i n  t r a i n i n g ,  as a r e s u l t  o f  which 
diseases  can a r i s e  e s s e n t i a l l y  l imi t ing  t h e  s p o r t s  a b i l i t y  and s p o r t s  l i f e  o f  
t h e  a t h l e t e  (A. G .  Dembo, 1959; Ya. A .  Mel'nikov, 1962; e t c . ) .  

35-44 
45-54 
55-64 
65-74 
75 and o lde r  
__ - -_ 

I t  is obvious the re fo re  t h a t ,  s ince  s p o r t s  r equ i r e s  absolute hea l th ,  t h e  
term "p rac t i ca l ly  healthy'' widely used i n  c l i n i c a l  p r a c t i c e  cannot be used 
for a t h l e t e s .  

T A B L E  30. M O R T A L I T Y  FROM C A R D I O V A S C U L A R  D I SEASES BY AGES ( I N  PERCENT) 
FROM 1913 T O  1948 ( A F T E R  S C H M I D T )  

Nonathletes 

19.99 
36.55 
27.76 

, 
359 



I -  

Table 30 shows fore ign  d a t a  on the  mor t a l i t y  o f  a t h l e t e s  from cardio- 
vascular  diseases  by ages i n  comparison with nonath le tes  (Schmidt). A s  we 
can see  from Table 30, t h e  death rate among nonath le tes  is  lower up t o  
64 years  o f  age than among a t h l e t e s .  This is  explained not by the  f a c t , t h a t  
s p o r t s  causes cardiovascular  system diseases ,  bu t  r a t h e r  from t h e  absence of 
t h e  necessary medical con t ro l ,  as a r e s u l t  o f  which persons a r e  allowed t o  
become involved i n  spo r t s  without prel iminary medical examination o r  with a 
s u p e r f i c i a l  examination, which i s  p a r t i c u l a r l y  t r u e  of  fore ign  spor t s .  The 
in t ens ive  t r a i n i n g  loads encountered by a t h l e t e s ,  i f  cardiovascular  system 
diseases  a r e  present ,  represent  one of t h e  g r e a t e s t  reasons f o r  mor t a l i t y  of 
a t h l e t e s  abroad. 

/384 - 

In  t h e  l4ght  of  t hese  da t a ,  it i s  inco r rec t  t o  th ink  t h a t  with c e r t a i n .  
pathological  s t a t e s  of t h e  cardiovascular  system, involvement i n  spo r t s  i s  
not  only permissible  but even t o  be recommended. The b a s i s  f o r  t h i s  concept 
is  apparent ly  t h e  fact t h a t  some persons with c l e a r  pathology o f  t he  cardio- 
vascular  system, i n  p a r t i c u l a r  mitral  valve def ic iency,  have not  only s e t  
records,  bu t  have become champions and record holders  of  t h e  world. 

A t  t he  present  t i m e ,  it i s  wel l  known (V. I. Kovalenko, 1959; 
A. G .  Dembo, Zh. A. Teslenko and A. M. Tyurin, 1965; e t c . )  t h a t  high physZca1 
working a b i l i t y  with c l e a r  pathological  changes i n  t h e  muscle or valves of 
t h e  hea r t  is  achieved by tremendous s t r e s s  of  t h e  compensatory mechanisms and 
sooner or l a t e r  t h e  r e s u l t i n g  pathological  changes always appear, although i n  
a much more threa ten ing ,  f requent ly  i r r epa rab le  form. Sometimes t h i s  ends i n  
tragedy. 
who allow persons with pathology of the  cardiovascular  system t o  become 
involved i n  spo r t s .  

This p o s s i b i l i t y  i s  unfor tnua te ly  f requent ly  forgot ten  by doctors ,  

One f a c t o r  f a c i l i t a t i n g  the  development o f  t h e  idea  of t h e  permiss ib i l -  

We know t h a t  i s o l a t e d  mitral 
i t y  of s p o r t s  involvement by persons with mitral valve def ic iency i s  
apparently t h e  hyperdiagnosis of  t h i s  problem. 
valve def ic iency i s  encountered q u i t e  r a r e l y .  
widely made i n  spo r t s  medicine. 
i n  a t h l e t e s  i s  evaluated as an organic problem, i . e .  as a r e s u l t  of mitral 
valve def ic iency.  

However, t h i s  diagnosis  i s  
A func t iona l  s y s t o l i c  no ise  f requent ly  heard 

I n s u f f i c i e n t  f a m i l i a r i t y  with hea r t  damage i n  a t h l e t e s  has led  t o  t h e  
f a c t  t h a t  f requent ly  a l l  devia t ions  i n  t h e  s t a t e  of  hea l th ,  i n  p a r t i c u l a r  i n  
t h e  cardiovascular  system, i s  considered t o  be a "pecul ia r i ty"  o f  t h e  a t h l e t e  
s o l e l y  on the  b a s i s  of t h e  f a c t  t h a t  t h e  a t h l e t e  has made no complaints and 
has s e t  records.  
a t h l e t e ' s  h e a r t ,  a l l  d u l l  tones of  t h e  h e a r t ,  sometimes a r e s u l t  of  cardio-  
s c l e r o s i s ,  are included i n  t h i s  category; s y s t o l i c  noises ,  f requent ly  without 
s u f f i c i e n t  c l i n i c a l  ana lys i s ,  a r e  considered t o  be func t iona l ;  with 'manifest 
hypertrophy of t h e  l e f t  v e n t r i c l e ,  no d i f f e r e n t i a l  diagnosis  i s  performed t o  
d i s t ingu i sh  between physiological  and pathological  hypertrophy; complaints of  
pa ins  i n  t h e  a rea  of  t he  h e a r t  a r e  a l s o  not given t h e i r  proper  s i g n i f -  
icance -- t he  p o s s i b i l i t y  o f  e a r l y  a the rosc l e ros i s  of  t he  coronary vesse l s  o r  
changes of t h e  myocardium of noncoronary o r ig in  i s  not  considered, e t c .  

As a r e s u l t  o f  t h i s  approach t o  "pecu l i a r i t i e s "  o f  t he  /385 
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I t  i s  clear at t h e  present  time that: i n  a l l  these  cases, before  c a l l i n g  
these  "pecu l i a r i t i e s , "  it i s  necessary t o  perform carefu l  c l i n i c a l  inves t iga-  
t i o n  using modern d iagnos t ic  apparatus,  and most importantly we must always 
r e c a l l  t h e  p o s s i b i l i t i e s  of  i n t e r p r e t i n g  these  changes not  only as pecul i -  
a r i t i e s  of  t he  a t h l e t e ,  bu t  a l s o  as manifestat ions of pathological  changes 
i n  t h e  cardiovascular  system. 

A l l  of  t h i s  r e l a t e s  t o  t h e  l a rge  number of various "pecu l i a r i t i e s "  of 
t h e  electrocardiogram of  a t h l e t e s  described i n  t h e  l i t e r a t u r e ,  and looked 
upon as va r i an t s  o f  t h e  norm. Also, carefu l  c l i n i c a l  ana lys i s  performed by a 
number of a t h l e t e s  f o r  var ious changes i n  the  electrocardiogram and o the r  
deviat ions looked upon as "pecu l i a r i t i e s "  of t h e  spo r t s  hea r t ,  have shown 
t h a t  some of them doubt less  a r e  pathological  (A. G. Dembo, 1961; L. A. But- 
chenko, 1963; R. D. Dibner, 1964; M. L. Proektor, 1963; s. P. Letunov and 
R. S .  Motylyanskaya, 1951; Zh. A. Teslenko, 1963; V. N.  Kovalenko, 1959; 
Klemola e t  a l . ,  1960; e t c . ) .  

Suf f ice  it t o  say  t h a t  t h e  percentage of a t h l e t e s  with var ious 
deviat ions from t h e  noma1 electrocardiogram has increased i n  t h e  las t  
5-7 years by more than two times ( L .  A. Butchenko, 1959; M. L .  Proektor,  
1964). O f  course, we a r e  concerned here  with comparable changes, s ince  over 
t he  pas t  f i v e  years  many changes i n  the  electrocardiogram have come t o  be 
in t e rp re t ed  d i f f e r e n t l y ,  and the  techniques of recording of  curves have a l s o  
changed. For example, t h e  l a rge  percentage of  low-voltage electrocardiograms 
i n  1959 and i t s  reduct ion i n  1964 a r e  explained by the  f a c t  t h a t  t h e  EKP-4 
apparatus used t o  record electrocardiograms i n  1959 passes frequencies up t o  
50 H z ,  whereas the  devices used i n  1963-1964 pass frequencies up t o  
150-800 Hz.  

However, i n  addi t ion  t o  these  q u a n t i t a t i v e  changes, q u a l i t a t i v e  changes 
i n  the  "pecu l i a r i t i e s "  of t h e  electrocardiograms of a t h l e t e s  have occurred. 
This is p a r t i c u l a r l y  c l e a r l y  seen i n  changes of  t h e  electrocardiogram 
evaluated a s  manifestat ions of t he  syndrome of card iac  ove r s t r e s s ,  as well  as 
d is rupt ions  i n  the  rhythm. This type of ana lys i s  of  these  changes is  
presented i n  t h e  following chapters  of t h i s  s ec t ion .  
t h a t  an increase  i n  t h e  number of  a t h l e t e s  with d is rupt ions  of automatism has ,386 
been noted (from 2.3% i n  1957 t o  4.4% i n  1964), while acute ,  s inus  brady- 
ca rd ia  has decreased (from 1.55 t o  0 .9%).  Various d i s rup t ions  i n  t h e  
a t r i o v e n t r i c u l a r  conduct ivi ty  have a l s o  increased from 0 .8  t o  3.48% i n  1964. 
Among t h e  group of arhythmias r e s u l t i n g  from dis rupt ions  i n  conduct ivi ty ,  t h e  
percentage of a t h l e t e s  with t h e  WPW syndrome has s l i g h t l y  increased (from 
0.4 t o  0.6%). 
t he  v e n t r i c u l a r  complex, i n t e rp re t ed  a s  t h e  card iac  overs t ress  syndrome, has 
increased. A l l  of these  changes must be r e l a t e d  t o  the  s ign i f i can t  increase  
both i n  the.volume and i n t e n s i t y  o f  t r a i n i n g  loads which has occurred i n  
recent  years .  This f a c t o r  a lone ind ica t e s  t h e  necess i ty  of carefu l  c l i n i c a l  
examination of each case of devia t ion  from t h e  normal electrocardiogram, 
before  -considering these  devia t ions  t t p e c u l i a r i t i e s t t  of t h e  a t h l e t e .  

We need ind ica t e  only 

The number of  a t h l e t e s  with changes i n  the  f i n a l  por t ion  o f  
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These a r e  a f e w  of t h e  c l i n i c a l  problems o f  spo r t s  cardiology..  The 
The mater ia l s  necess i ty  of f u r t h e r  ac t ive  work i n  t h i s  a rea  is  obvious. 

presented i n  t h i s  chapter,  without pretending t o  be undebatable or t o  cover 
t h e  problem completely, can be used as a s t a r t i n g  point  for development of 
t h i s  important s ec t ion  of  s p o r t s  medicine. 
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CHAPTER X I  

CHANGES I N  THE ARTERIAL PRESSURE OF ATHLETES 

ABSTRACT. 
gat ions i n t o  t h e  a r t e r i a l  pressure o f  a t h l e t e s  a r e  pre- 
s e n t e d .  It is pointed o u t  t ha t  although a r t e r i a l  pressure 
has b e e n  measured f o r  decades, accura te  methods capable of 
providing reproducible r e s u l t s  have o n l y  recent ly  become 
ava i l ab le ,  and t h e  i n t e rp re t a t ion  of t h e  results produced 
a l s o  va r i e s  w i d e l y .  Individual d i f f e r e n t i a l  diagnosis 
most be  performed i n  a l l  cases of abnormal a r t e r i a l  pres- 
sure,  e i ther  h i g h  o r  low. 

Data ava i l ab le  from t h e  ra ther  skimpy'  i n v e s t i -  

The importance of  t h e  problem of proper c l i n i c a l  evaluat ion of changes 
i n  the  arterial  pressure  of a t h l e t e s  i s  beyond doubt. We a r e  concerned not 
only with the  p o s s i b i l i t i e s  of  involvement i n  spo r t s  f o r  persons with 
d i f f e r e n t  l e v e l s  of  a r t e r i a l  p ressure ,  which i s  o f  g rea t  p r a c t i c a l  s i g n i f -  
icance,  but a l s o  with t h e  manifestat ion and c l i n i c a l  evaluat ion of  e a r l y  
phases and s tages  o f  hyper- and hypotension. 

/387 

Unfortunately,  t h e r e  i s  no c l e a r  and un i f i ed  opinion concerning the  
evaluat ion of changes i n  ar ter ia l  pressure  i n  s p o r t s  medicine, e i t h e r  as 
concerns an increase  or a decrease i n  t h i s  pressure.  For example, hypo- 
tens ion ,  which a number of  authors  now evalua te  as one of t h e  t h r e e  c l a s s i c a l  
c h a r a c t e r i s t i c s  of  high s t a t e s  of t r a i n i n g ,  i n  many cases may be a manifest-  
a t ion  o f  disease.  
requi res  d i f f e r e n t i a l  diagnost ic  ana lys i s  i n  each individual  case.  Also, 
although the  method of measurement of a r t e r i a l  p ressure  has long been widely 
used by s p o r t s  doc tors ,  it has not been c l e a r  u n t i l  r ecen t ly  which l eve l  i s  
c h a r a c t e r i s t i c  f o r  persons involved i n  spo r t s .  G .  F. Lang (1950), 
A. L. Myasnikov (1954) and o the r s  have considered t h a t  both physical  labor  
and spor t s ,  i f  not  excessive,  f a c i l i t a t e  a decrease i n  the  a r t e r i a l  p ressure .  
However, t h i s  opinion has not  been c l e a r l y  confirmed, based on massive 
measurement of the  a r t e r i a l  pressure of  a t h l e t e s .  

On t h e  o the r  hand, an increase  i n  a r t e r i a l  p ressure  

In s p i t e  of  t h e  fact  t h a t  massive measurements o f  a r t e r i a l  p ressure  have 
been performed i n  the  USSR on a broad, planned and systematic  s c a l e  for 
various groups o f  t he  population, professions,  e t c . ,  t h i s  type of  inves t iga-  /388 
t i o n  has not  been performed among a t h l e t e s  f o r  a long time. 
dedicated t o  t h i s  problem have been pr imar i ly  concerned with the  inf luence of  

- 
The works 
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S. P.  Letunov and 
Arter i a1 pressure,  R .  Ye. Motylyanskaya, 

mm Hg 1951 (1000 persons) 

var ious i n t e n s i t i e s  of t r a i n i n g  or funct ional  tests on the  level of a r t e r i a l  
pressure.  

N. I .  Volnov, 1958 
(5965 persons) 

Maxi m u m  
u p  99 
100-1 19 

12.2 3.6 
56 i2 56.4 (from 100- 109- 19.8; 

110-1 19-36.6) 

120-129 
130 and higher 

M i n i mum 
u p  59 

60-79 

18.5 
6.4 

80-89 
90 and higher 

10.1 
1.6 

13.8 
11.8 

1 1  .o 
64.1 

26.4 
33.6 

8.2 
80.1 (from 60-69-45.1 ; 

from 70-79-35) 

I I 

The problem of  c l i n i c a l  evaluation of increased and decreased a r t e r i a l  
pressure with involvement i n  spo r t s  cannot be solved without a c l e a r  idea of 
i t s  general l eve l  i n  a t h l e t e s  (Table 31). 

We can see from Table 31 t h a t  i n  seven years numerous measurements i n  
The percentage of a t h l e t e s  with t h e  l eve l  of a r t e r i a l  pressure were made. 
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low maximum pressure  was decreased over t h i s  per iod o f  time, while t he  
percentage with high m a x i m u m  a r t e r i a l  p ressure  s l i g h t l y  increased (as w e l l  as 
the  percentage with pressures  a t  t h e  upper l i m i t  of t h e  norm). As concerns 
t h e  minimum pressure,  a s l i g h t  decrease i n  t h e  percentage of a t h l e t g s  with 
low f igu res ,  as w e l l  as t h a t  with f igu res  higher  than t h e  normal l eve l  was 
noted, and the  percentage of  persons with pressures  at the  lower boundary o f  
t h e  norm was increased. 

/389 

1 Age of t e s t  sub jec t s ,  
. years 

16-19 
20-24 
25-29 
30-39 
40-49 

As was indica ted  above, t h e  quest ion of "sports  hypotension" as an 
ind ica to r  of  the  state of t r a i n i n g  must be re-.analyzed. This is  confirmed by 
t h e  da t a  presented i n  Table 32, from which we can c l e a r l y  see  t h a t  a t h l e t e s  
with decreased pressure  are encountered almost as f requent ly  as a t h l e t e s  with 
increased pressure.  The idea  t h a t  hypotension is  c h a r a c t e r i s t i c  of a t h l e t e s  
apparent ly  arose s ince  they doubt less  have a tendency t o  decreased ar ter ia l  
pressure,  although t h e  f i g u r e s  should not go beyond the  l i m i t s  of t h e  normal 
1 eve1 . 

A t h l e t e s  (data o f  
N .  1 .  Volnov) Population o f  Moscow (data  o f  

Ye. P.  Fedorova) 

10.7 2 .4  
11.8 4.1 
15.1 5.4 
17.1 7.1 
24.7 15.4 

TABLE 32. F R E Q U E N C Y  OF I N C R E A S E  OF ARTERIAL PRESSURE I N  ATHLETES 
AND I N  PERSONS NOT I N V O L V E D  I N  SPORTS BY AGES ( I N  P E R C E N T )  

The da ta  o f  N .  I. Volnov e t  a l .  a l s o  allow us t o  affirm t h a t  involvement 
i n  spo r t s  i t s e l f  i s  not  a f a c t o r  causing an increase  i n  a r t e r i a l  p ressure .  
The problem i s  - tha t  involvement i n  spo r t s  produces more than the  normal 
number of f ac to r s  which, ac t ing  on persons with increased e x c i t a b i l i t y  o f  
t he  vasomotor centers ,  r e s u l t  i n  a tendency t o  increased a r t e r i a l  pressure.  

The problem of t h e  c l i n i c a l  evaluat ion o f  changes i n  pressure i n  
a t h l e t e s  and the  behavior of  t h e  doctor  when they occur is g rea t  and complex. 
Many aspects  of t h i s  problem cannot be considered f i n a l l y  solved. 
t h e  press ing  na ture  and p r a c t i c a l  . s ignif icance o f  proper evaluat ion of  hypo- 
and hypertension a r e  beyond doubt. 

However, 

Increased Ar te r i a l  Pressure i n  A t h l e t e s  

I t  is  w e l l  known t h a t  an increase  i n  a r t e r i a l  pressure usua l ly ,  
p a r t i c u l a r l y  i n  young persons,  occurs a t  random. Since these  increases  a r e  
f requent ly  t r a n s i e n t  and a r e  noted but once, they a r e  f requent ly  not  given 
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t h e  s ign i f icance  which they should receive.  We should note  here  t h a t  t h i s  
has been s t a t e d  by one of t he  leading t h e r a p i s t s  of today, who s tudied 
hypertension, G .  F .  Lang (1950): "It  i s  very d i f f i c u l t  t o  determine the  
boundary between physiological  and pathological  s ta tes  as concerns the  first 
s tages  of hypertension. The r e a c t i v i t y  of  t he  vasomotor apparatus d i f f e r s  i n  
d i f f e ren t  people, and may vary i n  an individual  during h i s  l i f e  depending on 
a number of  i n t e rna l  and ex terna l  f ac to r s ;  i n  many persons t h i s  r e a c t i v i t y  i s  
increased, and t h i s  increased r e a c t i v i t y  i s  accompanied by a tendency 
toward increased ar ter ia l  pressure . I 1  

As w e  know, t h e  persons found t o  have high a r t e r i a l  pressure i n  massive 
inves t iga t ions  make up a heterogeneous group. 
from hypertension, t h i s  group contains persons who are merely predisposed t o  
high blood pressure.  

/390 - 
In  addi t ion  t o  those suf fer ing  

O f  course, a t h l e t e s  are no exception i n  t h i s  respect .  

Some confirmation o f  t h e  heterogeneity of  the  group of  a t h l e t e s  with 
high blood pressure can be found i n  the  da ta  of S. P.  Letunov and 
R. Ye. Motylyanskaya published i n  1951, according t o  which spor t s  t r a i n i n g  
causes t h e  blood pressure t o  normalize i n  41% of a t h l e t e s ,  t o  increase i n  41% 
and causes no change i n  18%. 
heterogeneity of t h e  group of  a t h l e t e s  with hypertension i n  t h e i r  reac t ion  t o  
spor t s  t r a in ing  i s  obvious. 
d i f f e r e n t i a l  diagnosis and proper c l i n i c a l  evaluat ion o f  t h i s  hypertension. 

Although the  authors do not  explain t h i s ,  t h e  

I t  i s  a l s o  obviously necessary t o  perform 

The data of  various authors on the  increases  i n  pressure i n  a th l e t e s  
diverge. Thus, L .  G .  Serkin (1937-1938) noted ,only  2%, S. P .  Letunov and 
R. Ye. Motylyanskaya (1951) noted 11.8%, while Moga (1958) noted 6-8% of the  
a t h l e t e s  s tudied with high a r t e r i a l  pressure.  

Recent works, performed both i n  our laboratory (N. I .  Volnov, 1958; 
L .  I .  Zharikov, 1962, 1963; M. Ya. Levin, 1965) and by o the r  authors 
(V. N .  Kovalenko, 1959, e t c . ) ,  have c l a r i f i e d  t h i s  problem somewhat. 

The da ta  produced at t h e  present  time, based on an inves t iga t ion  of t h e  
blood pressure of  many thousands of a t h l e t e s  of various spor t s  qua l i f i ca -  
t i o n s ,  ranking, e t c . ,  have shown t h a t  a t h l e t e s  with high blood pressure make 
up 11-14% of the  t o t a l .  Among these  a t h l e t e s  were people both with constant 
and with onetime changes i n  ar ter ia l  pressure.  Also, increases  or decreases 
o f  t he  minimum pressure alone, maximum pressure alone o r  mini" and maximum 
ar te r ia l  pressure toge ther  were taken i n t o  consideration. 

F i r s t  of a l l ,  it must.be noted t h a t ' t h e  percentage of persons with 
high pressure among a t h l e t e s  i s  g rea t e r  than among persons not  involved i n  
spor t s .  Thus, i n  comparing t h e  da ta  of N .  I .  Volnov (15,000 a th l e t e s )  and 
Ye. P .  Fedorova (40,000 res idents  of Moscow), it was found t h a t  whereas among 
t h e  population the  percentage i s  9.9, among a t h l e t e s  it reaches 11.4,  and 
is even g rea t e r  according t o  t h e  d a t a  of o ther  authors.  

I t  should be noted i n  a l l  fairness t h a t  t he  da t a  of various authors 
ind ica tes  percentages of persons with high blood pressure among young people 
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of between 1.7 and 17.3, or even up t o  23%. S t i l l ,  t h e  da t a  o f  Ye. P .  Fedo- 
rova seem t o  us t o  be most cohvincing. 
N.  I. Volnov with those of Ye. P. Fedorova as  t o  ages, we f ind  t h a t  up t o  
49 years i n  each age group t h e  percentage of a t h l e t e s  with high blood 
pressure  i s  h igher  (Table 32). 

If we compare t h e  da t a  of  

Type  o f  spor t s  

heavy a t h l e t i c s  
footba l l  
vol leyball  
skat ing 
row i ng 
wrest1 ing  
s k i i n g  

-_  

- 
~ ~~ 

-~~ 

However, among t h e  o lde r  age groups, t h e  population of  Moscow shows a 
sharply increased percentage of  persons with high blood pressure.  

-- . - 

Percent age Type o f  spor t s  

21.2 l i g h t  a t h l e t i c s  
16.6 bicycl i n g  
15.6 box i ng 
14.2 basketball  
13.6 s w i m m i n g  
12.6 gymnastics 
11.6 

- - ..... 

~. -. .. . . ~ ~ _ _ ~  ___- -~ ~ . - --_ *- 

The spor t s  spec ia l i za t ion  has a tremendous s igni f icance  as concerns t h e  
frequency of high blood pressure  (Table 33). 

TABLE 33. FREQUENCY OF O C C U R R E N C E  OF H I G H  A R T E R I A L  PRESSURE I N  ATHLETES 
AS A FUNCTION OF SPORTS SPECIALTY (DATA OF N .  I .  VOLNOV)  

Percentage 
._ . 
10.6. 
9 .7  
9.6 
9 .5  
9.1 
8.4 

The r e l a t i v e l y  low percentage of persons with high blood pressure  among 
boxers, where we would expect t o  f i n d  a much higher  percentage, i s  explained 
by the  f a c t  t h a t  t h e  extremely high demands placed on t h e  organism of  t h e  
a t h l e t e  by t h i s  type of s p o r t  do not allow the  spo r t s  a c t i v i t y  t o  be 
continued a f t e r  even the  s l i g h t e s t  devia t ions  i n  the  s t a t e  of hea l th  a r e  
detected.  
of boxers with high pressure  is  low -- only one percent of  t he  a t h l e t e s  had 
over 10 years  experience (N. I. Volnov, 1958). 

The confirmation of t h i s  "cut-off" i s  the  f a c t  t h a t  t h e  experience 

The s igni f icance  of  the  degree of nervous s t r e s s  i n  the  formation o f  
hypertension was c l e a r l y  confirmed by L. I. Zharikov (1963), who showed t h a t  
among s tudent  a t h l e t e s  t h e  percentage o f  persons with high a r t e r i a l  p ressure  
was 11.6, while among a t h l e t e s  i n  o t h e r  professions the  percentage was 7-8. 

/392 

The da ta  of  L. I .  Zharikov correspond completely t o  the  l i t e r a t u r e  da t a  
and allow us t o  consider it expedient t o  decrease t h e  i n t e n s i t y  of  s p o r t s  
t r a i n i n g  during examination time s i g n i f i c a n t l y  (A. G. Dembo, T.  P .  Fanagor- 
skaya) . 

Our a t t e n t i o n  is drawn by the  decrease i n  the  percentage of a t h l e t e s  
with high blood pressure  as t h e  spo r t s  c l a s s i f i c a t i o n  increases  (Table 34). 
I t  might be assumed t h a t  t h i s  depends on two f a c t o r s :  
e l iminat ion of  persons with hypertension as t h e i r  spo r t s  mastery increases ,  

f irst  of a l l ,  t h e  
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and a l s o  t h e  normalization o f  arterial pressure r e s u l t i n g  from properly and 
e f f i c i e n t l y  organized t r a i n i n g  (N. I .  Volnov, L. 1’. Zharikov, e t c . ) .  

- -- . . . .. - . . 
Sports qual i f i ca t ion  I Masters o f  1 s po r t s  and I f i r s t  

- - _ -_  _. .-{- . .-c!a.ss.. - . . _ _  

TABLE 34. DISTRIBUTION OF ATHLETES WITH H I G H  ARTERIAL PRESSURE 
A C C O R D I N G  TO SPORTS MASTERY (DATA OF N .  I .  VOLNOV) 

- _ . . . . _ .  

Second Third 
c l a s s  c l a s s  

. - . . . ... _. - - - , -. 

These a re  t h e  bas i c  da t a  ava i l ab le  on a t h l e t e s  with high a r t e r i a l  
pressure.  
f requent ly  i n  male a t h l e t e s  as i n  female. 

I t  should be added t h a t  high pressure i s  noted th ree  times as 

The problem of t h e  e t io logy  and pathogenesis of hypertension has been 
broadly and f u l l y  s tud ied  i n  t h e  c l i n i c a l  l i t e r a t u r e  (G. F. Lang, c 

A. L. Myasnikov, e t c . ) ,  which makes it unnecessary t o  repea t  t h i s  information 
at  t h i s  time. 

However, before  going over t o  t h e  problem of t h e  causes and c l i n i c a l  
evaluat ion of high blood pressure i n  a t h l e t e s ,  we should note  the  c l a s s -  
i f i c a t i o n s  of hypertensian ex i s t ing  a t  t h e  present  time. 

The founder o f  t h e  contemporary study of  hypertension, G. F.. Lang, 
considered t h a t  high arterial pressure i s  not always a manifestat ion of 
hypertension i n  i ts  var ious s tages .  I t  may be observed i n  persons with high 
r e a c t i v i t y  of t he  vasomotor centers ,  whom G. F. Lang divided i n t o  hyper- 
r eac to r s  and prehypertensives,  and consiaered heal thy persons predisposed t o  
hypertension. The c l a s s i f i c a t i o n  of A. L. Myasnikov r e t a i n s  t h e  same 
d i s t i n c t i o n  with t h e  s i n g l e  d i f fe rence  t h a t  t he  prehypertensives a r e  included - /393 
i n  s tage  I o f  hypertension. 

The hyperreactors and prehypertensives are persons with increased 
r e a c t i v i t y  of t h e  vasomotor apparatus,  who react with inadequate increases  i n  
pressure both t o  var ious emotional f a c t o r s  and t o  physical  s t r e s s .  
persons a r e  not ill and i f  the  proper conditions are maintained they may not 
ge t  hypertension. 
e a s i l y  than o thers .  

These 

On t h e  o ther  hand, they do fa l l  ill with hypertension more 

This d iv is ion  is  genera l ly  accepted and important i n  p r i n c i p l e  pr imari ly  
because ea r ly  establishment of hyper reac t iv i ty  o r  t h e  i n i t i a l  s tages  of 
hypertension and performance of t he  proper measures may prevent o r  delay t h e  
development of hypertension. 

In a co l l ec t ion  of  works of t h e  Central  S c i e n t i f i c  Research I n s t i t u t e  of 
Physical Culture f o r  1958, a c l a s s i f i c a t i o n  of hypertensive s t a t e s  was 
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published, suggested by S .  P. Letunov f o r , a t h l e t e s .  H e  divides  hypertensive 
s t a t e s  i n  a t h l e t e s  i n t o  four  groups: ' 1) s t age  I o f  hypertension; 2)  hyper- 
tension r e s u l t i n g  from physical  stress; 3) j uven i l e  increase  i n  a r t e r i a l  
pressure;  4) hypertension r e s u l t i n g  from emotional l a b i l i t y .  

This c l a s s i f i c a t i o n  calls f o r t h  considerable  debate.  I t  i s  well  known 
t h a t  juveni le  hypertension does no t  e x i s t  as a s p e c i f i c  pathological  form. 
In  o the r  words, both hyperreaction and prehypertensive s t a t e s ,  as well  a s  
hypertension i tself  i n  var ious s tages  are encountered i n  young persons. 
concerns t h e  increase  i n  a r t e r i a l  p ressure  r e s u l t i n g  from physical  ove r s t r e s s  
and emotional l a b i l i t y ,  t he  inc lus ion  of '  a l l  poss ib l e  e t i o l o g i c a l  f a c t o r s  
causing hypertension i n  a c l a s s i f i c a t i o n  system i s  impossible. These f a c t o r s  
are many, and cannot be used t o  construct  a c l a s s i f i c a t i o n .  This s o r t  of  
attempt has been made (V. M. Kogan-Yasnyy, e t c . )  bu t  has m e t  with f a i l u r e .  

As 

The p o s s i b i l i t y  of  increased ar ter ia l  pressure  under t h e  inf luence of 
physical  overs t ress  i s  well known. However, t h i s  increase  i n  a r t e r i a l  
pressure may become s t a b l e  (remain a t  high l e v e l  even a f t e r  completion of  
t r a i n i n g ) ,  s o  t h a t  t h e  a t h l e t e  becomes hypertensive.  Physical overs t ress ,  as 
well a s  emotional inf luences,  a r e  f a c t o r s  causing an inc l ina t ion  t o  increased 
a r t e r i a l  pressure.  
ove r s t r e s s  do not have high blood pressure.  As concerns the  high emotional 
a c t i v i t y  c h a r a c t e r i s t i c  of s p o r t s ,  f o r  example, a g i t a t i o n  before competition 
leads  t o  an inadequate increase  i n  a r t e r i a l  p ressure  only i n  some a t h l e t e s .  
In  both cases ,  t h i s  increase  i s  determined i n  those  persons who have an 
inadequate r eac t ion  t o  ex te rna l  effects, i nd ica t ing  increased e x c i t a b i l i t y  
of  t he  nervous vasomotor cen te r s ,  reac t ing  by t o n i c  cons t r i c t ion  of a r t e r -  
i o l e s .  Therefore,  t he re  i s  no need f o r  spec ia l  separa t ion  of these  f ac to r s  
or f o r  t h e i r  inclusion as a spec ia l  c l a s s i f i c a t i o n .  They do not  d i f f e r  i n  
p r inc ip l e  from many o t h e r  f a c t o r s  inf luencing the  e x c i t a b i l i t y  of t he  vaso- 
motor centers .  

Many a t h l e t e s  who have been subjected t o  physical  
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I t  should be considered t h a t  among a t h l e t e s  with increased a r t e r i a l  
pressure,  t he re  a re  doubt less  both those su f fe r ing  from hypertension and 
hyperreactors  and prehypertensives . 

Speaking of t h e  s ign i f i cance  of mental stress i n  t h e  e t io logy  and 
pathogenesis of hypertension, it is  important t o  note  t h a t  t h e r e  i s  no d i r e c t  
and quan t i t a t ive  r e l a t ionsh ip  between t h e  s t r eng th  and na ture  of the  emotion 
and t h e  leve l  of a r t e r i a l  p ressure .  Since t h e  range of  emotions of each man 
is  unique and ind iv idua l ,  it i s  obvious t h a t  evaluat ions of  mental trauma i n  
d i f f e r e n t  persons a r e  impossible. Frequently, weak emotions corresponding t o  
i n t e r n a l  f i n e  v a r i a t i o n s  i n  a given,person produce a sharp pressor  e f f e c t .  
However, as was s t a t e d  above, t h e  development o f  hypertension requi res ,  i n  
addi t ion  t o  mental s t r e s s ,  an increase  i n  t h e  e x c i t a b i l i t y  of  t he  vasomotor 
nervous apparatus,  i n  which t h e  p o t e n t i a l  capac i ty  f o r  increased vascular  
tonus i s  g r e a t e r  than the  tendency toward i t s  reduction. 

In  many cases ,  when t h e r e  is  an i s o l a t e d  increase  i n  t h e  maximum 
pressure ,  as has been shown by t h e  works of  V. P.  N ik i t i n  (1956), 
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Yu. I. Kuznetsov (1958, 1963), e t c . ,  i t  i s  t h e  r e s u l t  of an increase i n  t h e  
hemodynamic impulse, s ince  w i t h  so-cal led s y s t o l i c  hypertension the  increase 
i n  maximum pressure is  not accompanied by an increase i n  mean or la teral  
s y s t o l i c  pressure.  This i nd ica t e s  t h a t ,  i n  cont ras t  t o  hypertension or 
prehypertensive s t a t e s ,  when an increase i n  a r t e r i a l  pressure is  a r e s u l t  of 
noncorrespondence between t h e  increase i n  the  blood volume per  minute and 
def ic ien t  expansion of t h e  lumen of the  a r t e r i o l e s ,  i n  these cases t h e  
increase i n  pressure r e s u l t s  from a r e l a t i v e  increase i n  the  blood volume p e r  
beat  with normal blood volume p e r  minute and an adequate reac t ion  of t he  
a r t e r i o l e s .  
measures a re  not taken f o r  persons with t h i s  form of  increased pressure,  it 
may lead t o  development of hypertension. 

However, i f  t h e  proper a t t en t ion  i s  not  given and the  proper 

I t  is obvious from the  above t h a t  t h e  problem of increased a r t e r i a l  
pressure i n  a t h l e t e s  i s  pressing,  and t h a t  each case requi res  c l i n i c a l  
ana lys i s ,  f irst  of  a l l  t o  determine a proper diagnosis,  i . e .  decide whether 
hypertension i s  present  o r  not .  

/395 The importance of proper evaluation of increased a r t e r i a l  pressure - 
r e s u l t s  from the  f a c t  t h a t ,  depending on the  diagnosis,  t h e  problem must be 
solved of the  degree of physical  loading. Also, with proper diagnosis,  
e f fec t ive  treatment can be used t o  prevent development of hypertension. 

We must emphasize t h e  impermissibi l i ty  of  the  casual a t t i t u d e  sometimes 
seen toward a onetime increase i n  a r t e r i a l  pressure.  This type of  one- 
time, seemingly chance increase i n  pressure should be c a r e f u l l y  s tudied 
(G. F. Lang, 1950). In  these  cases, the  a t h l e t e  should be carefu l ly  
examined and, i f  no pathology is  detected,  kept under p a r t i c u l a r  medical 
observation. Special  inves t iga t ions  performed i n  t h i s  d i rec t ion  
(L. I. Zharikov, 1962, 1963) have shown t h a t  a t h l e t e s  with onetime increases 
i n  a r t e r i a l  pressure have inadequate reac t ions  t o  emotional f ac to r s  (examin- 
a t ions ,  competition), and t h a t  it i s  from t h i s  group t h a t  hypertensives la ter  
come. 

I t  should be noted at t h i s  time t h a t ,  according t o  many l i t e r a t u r e  
references,  2-4 years af ter  discovery of  seemingly random increases  i n  
a r t e r i a l  pressure i n  25% of cases hypertension develops, while 50% requi re  
f u r t h e r  observation and only i n  25% i s  t h e  hyper reac t iv i ty  completely 
l iqu ida ted  (A. L. Myasnikov, 1954; A. G .  Dembo, 1965; e t c . ) .  

Figure 108 shows da ta  on the  measurement of ar ter ia l  pressure by years 
i n  two a th l e t e s .  A s  w e  can see from t h i s  f igure ,  a onetime, seemingly 
random increase i n  a r t e r i a l  pressure became s t ab le  af ter  a ce r t a in  time 
in t e rva l .  Changes appeared i n  the  fundus ocul i ,  and t h e  diagnosis of 
s tage  I of  hypertension could be given fo r  these a t h l e t e s .  

Thus, the  spo r t s  doctor has a complex diagnost ic  problem. I ts  solut ion 
must r e l y  heavi ly  on the  anamnesis, determination of heredi ta ry  predispo- 
s i t i o n ,  which is of tremendous s igni f icance  i n  t h e  development of hyper- 
tens ive  s t a t e s ,  e t c .  The dissimulation common t o  a th l e t e s  must be reca l led ,  
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as well as t h e  p o s s i b i l i t y  o f  taking various hypotensive agents before  going 
t o  t h e  doctor.  
combination of  hypertrophy of  t h e  l e f t  v e n t r i c l e  with an accentuation o f  
tone  I1 i n  the  ao r t a .  
by accentuat ion of tone  I1 i n  the  ao r t a .  The evaluat ion of the  degree of 
hypertrophy of t h e  lef t  v e n t r i c l e  should be performed on t h e  bas i s  o f  X-ray, 
e lec t rocard iographic  and p a r t i c u l a r l y  vec tor  cardiographic inves t iga t ion .  
t h e  e a r l y  s tages  o f  t h e  development of hypertension, p a r t i c u l a r l y  i n  
t r a ined  a t h l e t e s ,  d i f f e r e n t i a l  diagnosis  between physiological  and patho- 
log ica l  hypertrophy of  t h e  l e f t  v e n t r i c l e  is  p a r t i c u l a r l y  d i f f i c u l t  
(S. P. Letunov, 1957). 
ves se l s  of  t he  fundus ocu l i ,  and‘ the  r eac t ion  t o  the  func t iona l  test  a l low a 

In c l i n i c a l  examination, a t t e n t i o n  should be given t o  the  

Physiological hypertrophy is  genera l ly  not accompanied 

In  

/396 - 
The presence of  t h e  corresponding changes i n  t h e  

proper diagnosis  t o  be made i n  many cases.  

N 

I 

‘ I  I 

Figure 108. 

pj 
..... 

I 

. ... 

.-E . _ _  

I !.. 

Level o f  Arter ia l  Pressure i n  Masters 
of Sports i n  Football V .  ( a )  and 1 .  (b) over Several 
Years 
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However, sometimes even ca re fu l  c l i n i c a l  examination does not provide a 
s u f f i c i e n t  b a s i s  f o r  diagnosis.  In  these  cases ,  determination of t he  
r e s idua l  pressure and t h e  complex of  funct ional  pressor  and depressor t e s t s  
can be of ass i s tance .  

It i s  well known t h a t  t h e  l eve l  of a r t e r i a l  p ressure  i n  heal thy persons /397 - 
is  unstable  and f l u c t u a t e s  throughout t he  course of t h e  day depending on 
various f a c t o r s  (N. A. Tolubeyeva, 1947; Ye. V. Andrushchenko, 1957; 
Holnigun, 1955; e t c . ) .  These f luc tua t ions  usua l ly  do not exceed 10 mm Hg, 
although i n  persons with elevated e x c i t a b i l i t y  o f  t h e  vasomotor centers  they  
a re  considerably g r e a t e r  and less s t a b l e .  This is  t h e  reason f o r  c a l l i n g  a 
pressure  measured one time a random pressure.  It  cons i s t s  of t h e  main, i . e .  
s t a b l e  pressure,  p lus  t h e  supplementary pressure,  varying a s  a funct ion of 
var ious s i t u a t i o n s .  

The main pressure is  determined under basal  metabolism condi t ions.  The 
pressure i s  measured each 3-5 min f o r  20-25 min u n t i l  s t a b l e  f igu res  a re  
produced. 
or basa l  pressure,  and t h e  difference between t h e  random and main pressures  
is  ca l l ed  t h e  supplementary pressure.  

The s t a b l e  f i g u r e  of a r t e r i a l  pressure produced i s  ca l l ed  t h e  main 

The term "residual  pressure" a l so  refers t o  the  main pressure ,  but ne t  
measured under basa l  metabolism condi t ions,  but r a t h e r  a f t e r  15-20 min r e s t  
a t  any time of  day. 

The value of t h e  supplementary pressure determines t h e  degree of 
e x c i t a b i l i t y  of t h e  nervous apparatus cont ro l l ing  the  pressure and w i l l  be 
g rea t e r ,  t he  more expressed t h i s  degree of e x c i t a b i l i t y  i s .  The time 
required t o  reach t h e  r e s idua l  pressure l eve l  increases ,  but i n  a hyper- 
r eac to r  w i l l  s t i l l  be l e s s  than i n  a hypertensive (G.  F. Lang, 1950; 
N. A. Tolubeyeva, 1926; Y e .  S. Bykova, 1950; e t c . ) .  

Inves t iga t ion  of t h e  res idua l  pressure a ids  i n  distinguis.hing t h e  
hypertonic reac t ion  from s t ab ly  increased a r t e r i a l  pressure and in  de t e r -  
mining t h e  degree of t h e  hypertonic reac t ion  (R. s. Ivanov, 1952; 
V. G .  Fleysher, 1953; e t c . ) .  

Obviously, without measuring t h e  r e s idua l  pressure it is impossible t o  
evaluate  t h e  increase i n  a r t e r i a l  pressure i n  a t h l e t e s  r e l i a b l y .  
f i gu res  of supplementary pressure with normal r e s idua l  pressure should make 
t h e  doctor be cautious.  As w e  can see from t h e  above, t h e  measurement of t h e  
r e s idua l ,  supplementary and random pressures  can be of e s s e n t i a l  d iagnos t ic  
s ign i f icance  i n  evaluat ing high pressure and should be broadly introduced t o  
t h e  p rac t i ce  o f  s p o r t s  medicine, p a r t i c u l a r l y  s ince  t h i s  inves t iga t ion  i s  
r e l a t i v e l y  easy and can be performed under any condi t ions.  

High 

There i s  ye t  another way t o  insure  proper evaluat ion of increased 
a r t e r i a l  pressure.  
tests,  broadly used i n  c l i n i c a l  p rac t i ce .  
c l i n i c a l  examination i n  an important way, although they cannot replace it. 

This i s  t h e  usage of the  complex of pressor  and depressor 
These t e s t s  supplement t h e  
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In spor t s  medicine, t he  most valyable pressor  t e s t s  a r e  the  following: 
t he  cold tes t  and t h e  test  with breath held,  while the  most valuable /398 
depressor t e s t s  a r e  the  n i t roglycer in  t e s t  and hypervent i la t ion (N. I .  Vasi- 
l 'yeva,  1958). 

The essence of t he  cold tes t  is  t h a t  r e f l e x  contract ion of  the  a r t e r -  
i o l e s  occurs as the  forearm is submerged i n  a cold bath,  and t h e  a r t e r i a l  
pressure increases;  t h i s  increase is g rea t e r ,  t h e  higher t he  e x c i t a b i l i t y  
o f  t h e  vasomotor centers .  

As t he  brea th  is  held,  hypercapnia develops, exci t ing the  vasomotor 
centers  and causing an increase i n  arterial  pressure;  t h e  increase i s  
g rea t e r ,  t he  higher t h e  e x c i t a b i l i t y  of  these  centers .  

As concerns the  depressor tests, the hypocapnia a r i s i n g  upon hyper- 

I t  should be noted t h a t  depressor tests a r e  considerably l e s s  
v e n t i l a t i o n  decreases t h e  a r t e r i a l  pressure,  as does the  use of n i t r o -  
glycerin.  
e f f ec t ive  than pressor  tests. 

TABLE 35. TABLE FOR C L I N I C A L  EVALUATION OF H I G H  A R T E R I A L  PRESSURE 
( I N  mm H g )  I N  ATHLETES ( N .  I .  VOLNOV) 

Group of , 

test 
subjects 

hyper- 
reactors 
prehyper - 
tensi,ves 

patients 
w i t h  

stage 1 
P2$%lS 

Residual arterial Time of 
attzrial I Cold test I Holding breath, I pressure 
pressure I I ~- I I- - ,  

I de creas- I I 
Level of Degree of Level of 

rise rise rise 
min. 

up to 12 

15-21 

24 or 
more 

I . . .  .... . . . . . .  -- 

UP 
io IC 

15 

20 or 
more 

129, s9 

139,99 
isually t( 

140/90 
and high€ 

rise 

usually to 
I19j79 

usually to 
120 -- 129, 
so 4 9  

120, so 
and higher 
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Table 35 shows the  primary d i f f e r e n t i a l  diagnost ic  c r i t e r i a  with respect  
t o  res idua l  pressure and pressor  tests which can be recommended f o r  p r a c t i c a l  
usage. In  combination with c l i n i c a l  examination, they  allow a proper 
evaluat ion o f  t h e  increase  i n  ar ter ia l  pressure.  

Thus, when increased a r te r ia l  pressure is  determined, even though only 
once, t he  a t h l e t e  should be ca re fu l ly  examined c l i n i c a l l y  using a spec ia l  set - /399 
o f  funct ional  tests.  

If t h e  diagnosis of hypertension i s  made, involvement i n  spor t s  should 
be  forbidden and physical  cu l tu re  exercises  should be recommended, under 
constant medical observation. As concerns prehypertension hyperreactors,  t h e  
question of  involvement o f  these  persons i n  s p o r t s  should be answered 
individual ly .  In  many cases ,  an e f f e c t i v e l y  designed t r a i n i n g  program can 
fac i l i t a te  normalization o f  t h e  increased e x c i t a b i l i t y  of  t h e  vasomotor 
centers .  However, involvement of  these  persons i n  spor t s  should be subjected 
t o  carefu l  medical cont ro l ,  s o  t h a t  t r a i n i n g  can be ha l t ed  i n  time i n  case of 
unfavorable inf luence of t h e  spor t s  on the  pa t i en t .  
considered t h a t  t r a i n i n g  exercises  i n  ce r t a in  types of spo r t s  f ac i l i t a t e  
increased ar ter ia l  pressure.  

It  should a l so  be 

. Thus, w e  cannot consider every increase i n  arterial  pressure a counter- 
ind ica t ion  f o r  involvement i n  spo r t s ,  nor can w e  allow a l l  a t h l e t e s  with high 
blood pressure t o  continue i n  spor t s .  
carefu l  medical examination. 
and high r e s u l t s  i n  a t h l e t e s  with high blood pressure  cannot be  used as a 

, c r i t e r i o n  t o  answer the  question of t h e  continuation of  t h e  involvement i n  
spo r t s .  
complete normalization of t h e  a r t e r i a l  pressure,  while a fr ivolous a t t i t u d e  
toward t h e  na ture  o f  t h e  t r a in ing  has forced a t h l e t e s  showing excel lent  
r e s u l t s  t o  leave t h e  spo r t s  arena rap id ly ,  becoming hypertensives.  

This question must be answered by 
I t  i s  important t o  consider t h a t  good f ee l ing  

Many examples can be c i t e d  when in t e r rup t ion  of t r a i n i n g  r e su l t ed  i n  

On t h e  o ther  hand, t h e r e  are many examples of normalization of  a r t e r i a l  
pressure by properly conducted spor t s  t r a i n i n g  under carefu l  medical 
observation. 

In  conclusion, w e  must t u rn  our a t t en t ion  t o  one more important fact .  

The 
In recent  years t h e  c l i n i c a l  l i t e r a t u r e  has turned ever  g rea t e r  a t t en t ion  t o  
t h e  frequency of t h e  combination of  hypertension and a therosc le ros is .  
pathogenesis of these  pathological  s ta tes  i s  considered by many t o  be la rge ly  
t h e  same. Thus, f o r  example, t he  quant i ty  of choles te ro l  i n  t h e  blood, 
l i k e  t h e  arterial  pressure,  increases  i n  cases of nervous stress and 
decreases i n  persons involved i n  mental labor  during periods of res t ,  e tc .  
(A. L. Myasnikov, 1963). Increasing numbers of works are appearing con- 
cerning e a r l y  a therosc le ros is  of t he  coronary arteries.  I t  is  s u f f i c i e n t  t o  
present  t he  da ta  of A. V. Vikhert and A. F. Ushkalov, who found coronary 
a therosc le ros is  i n  30 of 35 heal thy young persons autopsied a f te r  death from 
traumas. 
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Both hypertension and a the rosc l e ros i s  can occur without manifesting 
themselves, p a r t i c u l a r l y  i n  youth. According t o  t h e  da t a  of Tamayo e t  a l . ,  
autopsies  of 2000 persons from 10 t o  100 years  i n  age showed l a t e n t  athero- 
s c l e r o s i s  i n  25%. 
cu l tu re  exerc ises  and spor t s  f a c i l i t a t e  decreased blood choles te ro l  l eve l s  
(S. P. Letunov, 1963), apparently inf luencing l i p i d  metabolism, extreme loads 
may have the  reverse  e f f e c t .  

/400 -- Although w e  know t h a t  e f f e c t i v e l y  performed physical 

Also, it should be kept i n  mind t h a t  i n  young hyperreactors  (we a r e  
speaking here of persons 18 t o  22  years of age not  involved i n  s p o r t s ) ,  
N. I. Shte l  'makh (1963) discovered metabolic d i s rup t ions  leading t o  athero- 
s c l e r o s i s ,  considered t h e  hype r reac t iv i ty  t o  be a prologue t o  t h e  development 
not  only o f  hypertension, bu t  a l s o  of  a the rosc l e ros i s .  

Low Arte r i a l  Pressure i n  Athletes 

Very few works have been wr i t t en  concerhng low ar ter ia l  pressure i n  
a t h l e t e s .  
thought a s ign of good t r a i n i n g ,  and the re fo re  has not  a t t r a c t e d  the  
a t t e n t i o n  of doctors.  The inves t iga t ions  ava i l ab le  are p r inc ipa l ly  based on 
s tud ie s  of t h e  data  of  h ighly  qua l i f i ed  a t h l e t e s ,  and pay l i t t l e  a t t en t ion  t o  
the  p o s s i b i l i t y  of t h e  ex is tence  of pathological  forms of  hypotension. 

This i s  understandable,  i f  we consider  t h a t  hypotension has been 

The l i t e r a t u r e  da t a  on t h e  number of  persons ,wi th  low arterial  pressure 
i n  t h e  population a r e . q u i t e  contradictory.  According t o  t h e  information of 
various authors ,  who performed many inves t iga t ions ,  t h e s e  f i g u r e s  f l u c t u a t e  
from 0.63 t o  22.5%. 

A s  concerns hypotension i n  a t h l e t e s ,  according t o  the  da t a  of  recent  
years  (N. I .  Volnov, 1958; Ye. V. Shestakov, L.  I .  Zharikov, 1962, 1963; 
M. Ya. Levin, 1965), t he  frequency of  hypotension i n  a t h l e t e s  v a r i e s  from 
10.1 t o  16%, the  most f requent  case being i s o l a t e d  decreases  i n  the  maximum 
pressure  (from 2.2 t o  6.9%), then a decrease of t he  minimum pressure only 
(from 4.3 t o  6.1%) and l e a s t  f requent ly  a t o t a l  drop i n  pressure  (from 1.5 t o  
3 . 5 % ) .  

The l i t e r a t u r e  ind ica t e s  a high percentage of hypotension i n  
a t h l e t e s  -- 24 (V. N .  Kovalenko, 1959), while i n  a study of  h ighly  qua l i f i ed  
a t h l e t e s ,  members o f  teams represent ing t h e  e n t i r e  country,  V. Ye. Vasil 'yeva 
(1964) found hypotension i n  f i v e  of  t e n  swimmers, seven o f  2 1  l i g h t  a t h l e t e s ,  
t h r e e  o f t e n  water polo p layers  and s i x  of  24 gymnasts, i . e .  from 25 t o  50%. 
However, i t  should be kept i n  mind t h a t  t h e  very s m a l l  number of persons 
inves t iga ted  does not  allow us  t o  make any general  conclusions.  

The da ta  o f  V. Y e .  Vasil 'yeva,  produced using a l a rge  number of  s tudents  
at t h e  Physical Cul ture  I n s t i t u t e ,  were 5.8% f o r  t he  f i r s t  year and 13.4% f o r  
t h e  fou r th  year,  i . e .  corresponded t o  t h e  f igu res  of o the r  authors  presented 
above. 

375 



Ill IIIII II Ill 

A s  was a l ready  s t a t e d ,  t h e  percentage of a t h l e t e s  with true hypotension, /401 
i . e .  with a decrease i n  arterial  pressure  below 100 and 60 mm Hg, was found 
t o  be  approximately t h e  same as t h e  percentage of  a t h l e t e s  with high 
pressure.  Onetime determination of  low a r t e r i a l  p ressure  was noted i n  76.2% 
of a l l  persons with low pressure ,  repeated determinations i n  19.9%, constant 
determinations i n  3.9%. 

- 

A l l  o f  t he  above served as the  bas i s  f o r  a spec ia l  s tudy o f  hypotension 
i n  a t h l e t e s ,  which ind ica t ed  t h a t  t h e  group of  hypotensives was hetero-  
geneous. 

There are many c l a s s i f i c a t i o n s  of hypotensive states, none of  which i s  
genera l ly  accepted. 

The most popular c l a s s i f i c a t i o n  o f  a r t e r i a l  hypotension divides  hypo- 
t ens ives  i n t o  two l a rge  groups -- physiological  and pathological  
(N. S. Molchanov, 1962). Physiologica; hypotension means a decrease i n  
arterial  pressure  involving no pathological  changes i n  t h e  organism, which 
might be the  cause of  th i s  decrease,  with r e t en t ion  of complete working 
a b i l i t y  and normal f ee l ings .  
norm, so  t h a t  low ar ter ia l  pressure  i n  persons with physiological  hypotension 
i s  observed over t h e  course o f  years  and sometimes throughout the  e n t i r e  
l i f e .  Physiological hypotension may occur i n  completely heal thy persons as a 
r e s u l t  of p a r t i c u l a r  climatic condi t ions.  Thus, i n  persons working i n  t h e  
Antarc t ic  (I. I .  Tikhomirov and V. V. Gavrilov, 1959) a t  temperatures of 
-86' with an atmospheric pressure  of 450 mm, t h e  a r t e r i a l  p ressure  was 
measured a t  60/30  mm Hg, with f u l l  working a b i l i t y  and good f e e l i n g  re ta ined .  

Physiological hypotension i s  a va r i an t  of t h e  

As concerns pa thologica l  forms of a r t e r i a l  hypotension, i f  we do not  
include the  acute  hypotension accompanying shock, co l l apse l and  f a in t ing ,  i t s  
chronic forms a r e  encountered both as primary hypotension (hypotension, 
neuroc i rcu la tory  dystonia  o f  hypotensive type) ,  and secondary hypotension, a 
symptom of var ious d i seases  or in toxica t ions .  

The essence of  t r u e  hypotension i s  a d is rupt ion  of t h e  regula t ion  of  t h e  
c i r cu la to ry  apparatus.  
complaints and symptoms, i nd ica t ing  d is rupt ion  of t h e  funct ions of  var ious 
organs and systems of  t h e  organism. 
know, a decrease i n  ar ter ia l  pressure  i s  a cons tan t  symptom of a number of  
d i seases  ( for  example, Addison's d i sease ,  i n f e c t i o u s  d iseases)  and intox-  
i ca t ions .  
in fec t ion ,  including . la ten t  i n fec t ions .  This i s  p a r t i c u l a r l y  true i n  the  
case of  a r t e r i a l  hypotension i n  a t h l e t e s ,  s ince  t h e  percentage of persons 
with cen te r s  of i n f e c t i o n s  among a t h l e t e s  i s  considerable .  

Primary hypotension i s  accompanied by a number of  

A s  concerns secondary hypotension, as we 

Hypotension f requent ly  o,ccurs a t  var ious  centers  of chronic 

A study of groups of a t h l e t e s  with hypotension showed t h a t  the  sex, age - /402 
and spor t s  s p e c i a l t y  inf luence  t h e  l eve l  of a r t e r i a l  pressure.  
female a t h l e t e s ,  hypotension i s  encountered s l i g h t l y  more than twice as 
f requent ly  as i n  men (26 and 12.8% respec t ive ly ,  according t o  the  da ta  of  
M. Ya. Levin). 

Thus, among 
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TABLE 36. FREQUENCY O F  DECREASE I N  A R T E R I A L  PRESSURE I N  A T H L E T E S  
AS A FUNCTION OF SPORTS SPECIALTY (DATA OF M. Ya. L E V I N )  

. . . . . . . . - . - __ __ - - . . - I .. . - . . 

25-29 1 30-34 Age, years 18-19 

_. . - I Type o f  sports 

35-39 

gymnastics 
1 i g h t  a t h l e t i c s  
basketba 1 1  
box i ng 
skat ing 
swimming 
heavy a t h l e t i c s  

- 

Percent of cases 

30.6 
25.3 
24.0 
18.9 
16.7 
13.0 
12.7 

Type  of  spor t s  - 1  Percent o f  cases 
- 

wrest1 i n g  
s k i  i ng 
bicycl ing  
vol leyball  
row i ng 
footba l l  

I .  I d  

As w e  can see  from Table 3 6 ,  t h e  h ighes t  percentage of a t h l e t e s  with 
hypotension was found among gymnasts ( 3 0 . 6 ) ,  t h e  lowest among f o o t b a l l  
p layers  (7.5).  As concerns age, as w e  can s e e  from Table 37, t h e  younger t h e  
a t h l e t e s ,  t h e  more f requent ly  persons with decreased pressures  a r e  encount- 
ered among them. 

TABLE 37. DECREASE I N  A R T E R I A L  PRESSURE AND AGE OF ATHLETES 

40 and 
ol  der _-_ .  . . 

7.7 
, . . .. L - , . . . _ _  . - 

These a r e  t h e  general  da t a  concerning low a r t e r i a l  p ressure  i n  a t h l e t e s .  
As we can see ,  as concerns t h e  average f igu res  the re  i s  no d i f f e rence  i n  t h e  
percentage of persons with low blood pressure i n  a t h l e t e s  and i n  persons not  
involved i n  spo r t s .  This confirms again the  assumption t h a t  t h e  group of  
a t h l e t e s  with hypotension i s  heterogeneous and t h a t ,  i n  addi t ion  t o  physio- 
log ica l  hypotension, pa thologica l  forms a r e  encountered among them. Thus, 
V. N. Kovalenko (1957) showed t h a t  i n  40% of  t h e  a t h l e t e s  with hypotension, 
an unsa t i s f ac to ry  r eac t ion  t o  t h e  func t iona l  test  was noted; hypotension i n  
these  persons i s  looked upon as an ind ica t ion  of f a t igue .  m e  author found 
no r e l a t ionsh ip  between increas ing  s t a t e  of  t r a i n i n g  and increasing number of  
hypotensives. 
e i t h e r  &n i nd ica t ion  of  high s ta te  of  t r a i n i n g  o r  a manifestat ion of fa t igue .  
S imi la r  d a t a  were presented by Y e .  V. Shestakova, who a l s o  showed t h e  
heterogenei ty  o f  t h e  group of  a t h l e t e s  with hypotension. 

I_ /403 

He came t o  t h e  conclusion t h a t  hypotension i n  a t h l e t e s  may be  

However, along with t h i s  it i s  commonly thought t h a t  hypotension i s  
c h a r a c t e r i s t i c  of high t r a i n i n g  and i n  t h e  overwhelming majori ty  of  cases  
should be evaluated as a p o s i t i v e  f a c t o r .  In  order  t o  answer t h i s  quest ion,  
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Group ' Various 

i n  our  labora tory  M. Ya. Levin subjected two groups of a t h l e t e s  t o  c l i n i c a l  
and s t a t i s t i c a l  i nves t iga t ion  with respec t  t o  various parameters. 

Respiratory d iseases  -....*--.- ..I ..~-. .. -. " 
Bradycardia Centers Angina Acute upper 

M. Ya. Levin (1965) compared t h e  da t a  produced i n  a s tudy of 987 a th-  
l e t e s  of var ious spo r t s  s p e c i a l t i e s  with hypotension with a similar (as  t o  
age, sex,  s p o r t s  s p e c i a l t y ,  s p o r t s  mastery, e t c . )  group of a t h l e t e s  ( a l so  
987 persons) with normal a r t e r i a l  p ressure  f i g u r e s  (Table 38). 

TABLE 38. SOME C L I N I C A L - P H Y S I O L O G I C A L  I N D I C A T O R S  I N  ATHLETES 
W I T H  LOW AND NORMAL A R T E R I A L  PRESSURE (DATA OF M .  Ya. L E V I N )  

I t  was found t h a t  a t h l e t e s  with low ar te r ia l  pressure  a r e  more f r e -  
quently subjec t  t o  colds ,  and more f requent ly  show changes i n  the  hea r t  
(dul lness  of  tone I ,  s y s t o l i c  no ise ,  e t c . ) ,  have more cen te r s  of  chronic 
infec t ion ,  a r e  more f requent ly  over t ra ined ,  show l e s s  f requent  bradycardia,  
e t c .  Also, it was found t h a t  t h e  increase  i n  s p o r t s  r e s u l t s  of t hese  persons 
occurs more slowly than i n  a t h l e t e s  with normal pressure,  t h e  r eac t ion  o f  t he  
cardiovascular  system t o  physical  loading i s  poorer,  e t c .  The d i f f e rence  i n  
the  two groups was a l s o  q u i t e  c l e a r l y  seen from changes i n  t h e  e l ec t ro -  
cardiograms (Table 39). 

A t  t he  same time, it was found t h a t  t h e  highest  percentage of a t h l e t e s  - /404 
with hypotension cons is ted  of  masters of spo r t s  (Table 40). 
t r a i n i n g  per iod,  a t h l e t e s  with hypotension were found t o  be mostly i n  t h e  
per iod of main t r a i n i n g .  

A s  concerns the  

A l l  of t h i s  confirms t h e  idea  t h a t  i n  addi t ion  t o  the  hypotension i n  
a t h l e t e s  a r i s i n g  as a r e s u l t  of high s t a t e s  of t r a i n i n g ,  a considerable 
number' o f  cases o f  hypotension a r e  pa thologica l .  
da t a  and c l i n i c a l  i nves t iga t ions  of a l a rge  number of  a t h l e t e s  with low 
arterial  pressure  allows us t o  s ta te  t h a t  secondary hypotension i n  a t h l e t e s  

Analysis o f  t he  l i t e r a t u r e  
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can be divided i n t o  hypotension as a r e s u l t  of cen te r s  of  in fec t ion  and hypo- 
tension a r i s i n g  as a r e s u l t  o f  fa t igue .  

I physical i 
j load 

TABLE 39. SOME E L E C T R O C A R D I O G R A P H I C  INDICATORS ( I N  P E R C E N T )  OF ATHLETES 
WITH LOW AND NORMAL A R T E R I A L  PRESSURE (DATA OF M .  Ya. L E V I N )  

Sports Master of  ' Class I 
qual if  ica- , s p o r t s  

t ion  
.:.. . __ J .............. _ _ - - _  

- _. ....... _I ._ . . . .  

Group , ext ra -  
s y s t -  
o l e s  

C 1 ass  

........ 

................ 

ath-  3.9 
letes 
w i t h  
hypo- 
t e n -  
sion 

ath-  2 
1 etes 
w i t h  
norma 1 
a r t e r -  
ia l  
pres- 
sure_ _L 

... - . - 

~ .. 

. . .  . . .  

s i n u s  
a r h y t h -  
mia 

................ 

3 
. . . . . . .  

.......... __ ... 

3.9 

. . . .  

Elong- 
a t  ion 
of P-Q 
inter-  
va 1 

. _. ........ 

2.9 

1 . 1  

. . . . . .  

- .  
t 

Left 
ven- 
t r i c -  
ular  
over- . 
s t r e s s  

8.6 
. . . . .  - ... 

3.1 0 .2  5.3 0.3 1 . 1  

I 
I 

. I _  .. _ .  . : .  . . .  

T A B L E  40. DROP I N  A R T E R I A L  PRESSURE I N  ATHLETES OF V A R I O U S  SPORTS 
QUALIFICATSONS (DATA OF M. Ya. L E V I N )  

... ._ ...... -. .. - . . . .  - . . . . . . . . . . . . .  , - . . . . . .  

' 1  ' , Class I l l  
i 

...... 

Unranked 

...... 

2.5 

The necess i ty  arises of t h e  development of d i f f e r e n t i a l  diagnost ic  
c r i t e r i a  which would allow a diagnosis t o  be made f o r  var ious forms of  hypo- 
tension.  The d i f f e r e n t i a l  diagnosis should be based f irst  of  a l l  on t h e  
h i s to ry ,  c l i n i c a l  p i c tu re ,  reac t ion  of t h e  pressure  t o  pressor  t e s t s ,  
condition of t h e  vasomotor centers ,  and i n  both cases  similar t e s t s  should be 
used. 
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Sometimes t h e  quest ion of t h e  pathological  na tu re  of reduced a r t e r i a l  /405 - pressure  can be solved ex juvant ibus.  
cen ters  of  i n fec t ion  ( tonsi l lectomy,  s a n i t i z a t i o n  of t h e  o r a l  cav i ty)  
normalizes t h e  pressure ,  so  t h a t  i t s  pathological  na tu re  is  obvious. 

Thus, f r equen t ly  t h e  removal of 

This can be seen from t h e  following example. 

Ath le te  P, 2 3  years  o ld ,  i s  a class I ska te r .  When examined i n  February 
of 1964, he complained of p i e rc ing  pains  i n  t h e  area of t h e  h e a r t ,  f requent  
headaches, rap id  f a t igu ing .  Objective examination showed pulse  62 bea t s  p e r  
minute. 
Arterial pressure  was 90/45 mm Hg. 
t h e  o r a l  cav i ty ,  along with enlargement and soreness  of  t he  submaxillary 
lymph nodes on both s ides .  
l e f t  v e n t r i c u l a r  ove r s t r e s s ,  unsa t i s f ac to ry  r eac t ion  t o  physical  loads.  
X-ray inves t iga t ion  of the thorax,  ana lys i s  o f  t he -b lood  and u r i n e  showed no 
deviat ions from t h e  norm. 
4.1 sec. The r a t e  of  propagation of t h e  pulse  wave through t h e  e l a s t i c  type 
vesse l s  was 320 cm/sec, through muscular type  v e s s e l s  -- 740 cm/sec. After,  
two minutes run i n  p lace ,  t h e  r a t e  of propagation o f  t h e  pulse  wave increased 
by 211 cm/sec and 305 cm/sec respec t ive ly .  Diagnosis: Secondary hypotension 
as a r e s u l t  of  chronic i n f e c t i o n  (massive c a r i e s ) .  

No devia t ions  from t h e  norm i n  the  i n t e r n a l  organs were found. 
Nine gangrenous t e e t h  were found i n  

The electrocardiogram showed i n i t i a l  phenomena o f  

The blood flow time over t h e  lung-ear s e c t o r  was 

In March o f  1964, complete s a n i t i z a t i o n  of t h e  o r a l  cav i ty  was per-  
When examined i n  June and December o f  1964, t he  p a t i e n t  had no formed. 

complaints, a r t e r i a l  p ressure  was 110/80 mm Hg, blood flow t i m e  was 6.5 sec;  
t h e  r a t e  o f  propagation of t h e ' p u l s e  wave through the  e l a s t i c  ves se l s  was 
332 cm/sec ( a f t e r  loading, increased by 85 cm/sec), through muscular type 
vesse l s  -- 1160 cm/sec ( a f t e r  loading unchanged). 

The development o f  d i f f e r e n t i a l  d iagnos t ic  c r i t e r i a  f o r  a proper 
evaluat ion of decreased a r t e r i a l  p ressure  i n  a t h l e t e s  i s  an important and 
press ing  problem. Careful ly  gathered medical and spor t s  h i s t o r i e s ,  de t a i l ed  
c l i n i c a l  examination with ana lys i s  o f  t h e  na ture  of  complaints and determin- 
a t ion  o f  centers  of  i n f e c t i o n  allow d i f f e r e n t i a l  diagnosis  t o  be performed 
between t h e  four  p r i n c i p a l  forms of  hypotension i n  a t h l e t e s  (A. G .  Dembo and 
M. Ya. Levin, 1963). 

In  the  group of  physiological  hypotension, o r  hypotension as a 
c h a r a c t e r i s t i c  of a high s t a t e  of t r a i n i n g ,  w e  include a t h l e t e s  showing no 
complaints, no devia t ions  i n  t h e  state of  hea l th  (following c l i n i c a l  and 
instrumental  examination), no centers  of i n fec t ion ,  a l l  combined with good 
f ee l ing  and high working a b i l i t y .  
we s tudied ,  t h i s  group included 32.3%. 

O f  t h e  987 a t h l e t e s  with hypotension whom 

. 
have various typ'es of  complaints. 
chronic in fec t ion  (30.3%), and i n  some w e  could e s t a b l i s h  a d i r e c t  r e l a t i o n -  
s h i p  between t h e  decrease i n  pressure and f a t i g u e  (29.7%). Final ly ,  i n  a 
small group of a t h l e t e s  with var ious complaints, w e  could f ind  no centers  

The group with seFondary hypotension should include those a t h l e t e s  who 
Some of t hese  have c l e a r  centers  of 
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of infec t ion ,  and no connection t o  f a t igue .  
c i r c u l a t o r y  hypotensive dystonia  (7.7%). 
group igcluded most of t h e  a t h l e t e s  with cons tan t ly  decreased a r t e r i a l  
pressure.  
t h i s  d i f f e r e n t i a l  diagnosis .  

We diagnosed these  as neuro- 
It i s  i n t e r e s t i n g  t o  note  t h a t  t h i s  

/406 - 
The da ta  presented i n  Table 41 tend  t o  confirm t h e  correctness  o f  

TABLE 41. FORMS OF HYPOTENSION AND SPORTS Q U A L I F I C A T I O N  
(DATA OF A.  G.  DEMBO AND M. Ya. L E V I N )  

I 
. .. . . 

Sports qua l i f i ca -  
t i o n  

master of spo r t s  
c l a s s  I 

- - - . ._ - 

- -~ - - -  

Form of hypotension, percent 
Secondary hypotension as i 

resul t of I Fatigue 
- - -  

! 
41.2 28.8 I 21.9 
28 .7  i 31 .4  : 32.8 

c la s ses  I I  and I I .  20 ! 27.7  1 41 .5  

Neu roc i rcu 1 - 
a to ry  dystonia 

8 
7 

12.3 

As we can s e e  from Table 41, t h e  percentage of a t h l e t e s  with physio- 
logic.al hypotension increases  with t h e  s p o r t s  q u a l i f i c a t i o n ,  whereas the  
percentage of a t h l e t e s  with hypotension r e s u l t i n g  from f a t i g u e  decreases.  As 
concerns the  remaining two groups, as would be expected, they  a r e  independent 
of  t h e  l eve l  of spo r t s  mastery and the re fo re  remain almost unchanged. 
percentage of  persons with neurocirculatory dystonia  decreases s l i g h t l y  among 
masters of spo r t s  and a t h l e t e s  f irst  c l a s s .  

The 

Determination of t h e  r e s idua l  pressure ,  as well as t h e  complex of 
p re s so r  t e s t s  and determination of t h e  r a t e  of blood flow by oxyhemometry can 
be an important source of  supplementary information f o r  t he  d i f f e r e n t i a l  
diagnosis  (A. G.  Dembo and M. Y a .  Levin, 1965). 

The essence of t h i s  combined inves t iga t ion  of t he  func t iona l  s t a t e  of 
t he  apparatus con t ro l l i ng  a r t e r i a l  p ressure  (Table 42) c o n s i s t s  of determin- 
a t i o n  of i t s  r eac t ions  t o  c e r t a i n  physiological  processes  ( t e s t  t o  
determine t h e  r e s idua l  pressure)  'and t o  a number o f  a r t i f i c i a l  s t imu l i  
(water from +lo t o  4" i n  t h e  cold t e s t  and an increase  i n  carbon dioxide i n  
t he  blood i n  t h e  brea th  holding t e s t ) .  

When t h e  res idua l  pressure  was determined, a t t e n t i o n  was turned t o  t h e  
time required for t h e  random pressure  t o  drop t o  t h e  r e s idua l  l eve l .  In  
determining the  pressor  t e s t s ,  t he  ainplitude of f luc tua t ions  i n  a r t e r i a l  
p ressure  w a s  considered, as wel l  as tRe time required f o r  r e tu rn  t o  t h e  
i n i t i a l  l e v e l .  

As t h e  da t a  of Table 42 show, the  time f o r  t h e  decrease i n  a r t e r i a l  
p ressure  t o  t h e  r e s idua l  pressure  l eve l  and f luc tua t ions  i n  r e s idua l  pressure  
i n  a t h l e t e s  with physiological  hypotension d i f f e r  from pa thologica l  
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hypotension. 
test  a r e  used, as w e l l  as i n  inves t iga t ions  of  t h e  blood flow t i m e  determined /408 
by oxyhemometry. With pathological  hypotension, t h i s  l a t t e r  f i g u r e  i s  normal 
or abbreviated,  whereas it is c h a r a c t e r i s t i c a l l y  lengthened f o r  physiological  
hypotension. ' 

Simi la r  d a t a  a r e  found when the  cold test  and brea th  holding 

As we can s e e  from Table 42, t h e  da t a  produced i n  an inves t iga t ion  of 
a t h l e t e s  with hypotension r e s u l t i n g  from fa t igue ,  according t o  t h e  ind ica-  
t i o n s  of  t h e  co ld  t es t  and t h e  brea th  holding t e s t  a r e  similar t o  t h e  d a t a  
produced upon inves t iga t ion  of  a t h l e t e s  with physiological  hypotension. 
t h e  r e s idua l  pressure  was determined i n  t h i s  group of a t h l e t e s ,  d a t a  were 
produced which l a y  between t h e  physiological  and pathological  forms of 
hypotension. As concerns th'e blood flow time, it was reduced, which 
ind ica t e s  a drop i n  t h e  l e v e l  o f  t r a i n i n g .  

When 

The da ta  produced by using various t e s t s  i nd ica t e  d i f fe rence  i n  t h e  
reac t ions  charac te r iz ing  t h e  funct ion of t h e  vasomotor centers  with physio- 
l og ica l  and pa thologica l  forms of hypotension. 
character ized by r eac t ions  na tu ra l  t o  hea l thy  persons with normal arterial  
pressure.  
from chronic i n f e c t i o n  are q u i t e  similar t o  each o ther .  Great l a b i l i t y  o f  
t h e  r e s idua l  pressure  i s  c h a r a c t e r i s t i c  for t h i s  group of  a t h l e t e s .  

Physiological.  hypotension is  

The r eac t ions  with hypotension and*secondary hypotension r e s u l t i n g  

The s i m i l a r i t y  of  t h e  reac t ions  o f  t h e  apparatus con t ro l l i ng  a r t e r i a l  
pressure i n  a t h l e t e s  with pathological  forms of  hypotension allows us  t o  
assume t h a t ,  although they a r e  developed on d i f f e r e n t  bases ,  both hypotension 
and secondary hypotension r e s u l t i n g  from centers  o f  chronic in fec t ion  cause 
similar changes of t h e  i n t e r n a l  organs and higher  centers  regula t ing  t h e  
a r t e r i a l  pressure.  

Detai led ana lys i s  o f  t he  da t a  of a t h l e t e s  with hypotension r e s u l t i n g  
from fa t igue  confirms t h e  idea  t h a t  these  a r e  p r a c t i c a l l y  heal thy persons 
with s l i g h t  d i s rupt ions  of t he  vasomotor center  funct ion.  

I t  seems t o  us t h a t  t h i s  method allows u s  t o  determine not only manifest  
changes i n  the  a c t i v i t y  o f  t he  apparatus con t ro l l i ng  a r t e r i a l  pressure,  bu t  
a l s o  i t s  e a r l y  d is rupt ions .  I t  allows us  t o  perform d i f f e r e n t i a l  diagnosis  
between physiological  hypotension on the  one hand and i t s  pathological  forms 
on the  o ther .  However, i t s  s igni f icance  i s  only secondary. The b a s i s  of  
d i f f e r e n t i a l  diagnosis  must be ca re fu l ly  co l l ec t ed  anamnesis and de ta i l ed  
c l i n i c a l  examination. 
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The s i m i l a r i t y  of t h e  reac t ions  i n  hypotension and secondary hypotension 
r e su l t i ng  from centers  of chronic in fec t ion  ind ica tes  t h a t  t he  decrease i n  
a r t e r i a l  pressure with these  forms of hypotension is  caused by the  same 
fac tors .  As concerns hypotension r e s u l t i n g  from fa t igue ,  it occupies an 
intermediate pos i t ion ,  s ince  it i s  encountered i n  most cases i n  heal thy 
persons [NOTE: This chapter ends here,  i n  t he  middle of  a sentence,  i n  t h e  
foreign language o r i g i n a l .  No page numbers are missing; an undetermined 
amount of t e x t  was simply omitted i n  the  p r i n t i n g  -- Tr.] 

- -  
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CHAPTER X I 1  

DISRUPTIONS OF THE C A R D I A C  RHYTHM I N  ATHLETES 

ABSTRACT. 
thmias i n  a t h l e t e s  a r e  analyzed. Case h i s t o r i e s  a r e  pre- 
s e n t e d  to  i l l u s t r a t e  t ha t  many t y p e s  of arhythmia frequent ly  
described a s  "var ia t ions of t h e  norm'' i n  t h e  "sports heart" 
may i n  a c t u a l i t y  ind ica te  card iac  pathology. T h e  importance 
of d i f f e r e n t i a l  diagnosis of a l l  arhythmias is emphasized. 
And nex t ,  at tempts a t  too rapid physical t r a in ing  and con- 
d i t ion ing  can lead to  phemenona of card iac  overs t ress .  
Case h i s t o r i e s ,  electrocardiograms and physiological ex- 
planat ions a r e  presented to i l l u s t r a t e  the s igni f icance  
of measured, properly applied physical exerc ise ,  undertaken 
o n l y  d u r i n g  periods of per fec t  hea l th ,  i n  the prevention 
of card iac  pathology i n  a t h l e t e s .  

T h e  frequency and s ign i f i cance  of various arhy- 

The problem of d is rupt ions  of t h e  h e a r t  rhythm i s  one of t h e  most /409 
important problems i n  contemporary cardiology. Disruptions of t he  hea r t  
rhythm a r e  encountered both i n  hea l thy  persons,  and i n  persons with widely 
var ied  hea l th  problems. 
pathogenesis of d i s rup t ions  of  t he  h e a r t  rhythm cannot y e t  be considered 
solved. Essen t i a l ly ,  t h e r e  i s  not even a genera l ly  accepted c l a s s i f i c a t i o n  
of  rhythm dis rupt ions .  

Also, a number of bas i c  problems i n  the  e t io logy  and 

The rhythm o f  card iac  a c t i v i t y ,  being an extremely va r i ab le  parameter, 
charac te r izes  t h e  func t iona l  s t a t e  of t h e  hea r t  p rec i se ly .  Therefore,  
ana lys i s  of t he  rhythm of  card iac  a c t i v i t y  has important c l i n i c a l  s i g n i f -  
icance.  
hea r t  cont rac t ions  or various i n t e r v a l s  between indiv idua l  h e a r t  contrac- 
t i o n s ,  but a l so  d is rupt ions  i n  t h e  rhythm occurring within the  rhythmic 
complex, manifested only upon electrocardiographic  inves t iga t ion  -- the  
so-ca l led  eurhythmia. 

We a r e  concerned here  not  only with changes i n  t h e  frequency of 

Normal c i r cu la t ion  i s  determined by smooth coordinat ion of cardiac 
a c t i v i t y .  The p rec i se  sequence i n  the  cont rac t ion  of  t he  a t r ia  and 
v e n t r i c l e s ,  coordinated with the  mechanism of successive closing and opening 
of t h e  a t r i o v e n t r i c u l a r  and semilunar valves ,  i s  supported by pulses a r i s i n g  
rhythmically i n  the  s inus  node and the  normal funct ion of  the  conducting 
system.of t h e  h e a r t  ( a t r i o v e n t r i c u l a r  node, bundle of  Ijis and both of i t s  
branches).  

An extensive c l i n i c a l  l i t e r a t u r e  e x i s t s  on d is rupt ions  of  t h e  hea r t  
rhythm, and t h i s  l i t e r a t u r e  i s  general ized i n  the  monographs of A. M. S iga l  
(1958), I. A. Chernogorov (1962) and o thers .  S t i l l ,  t h i s  problem i s  not  
completely c l ea r .  This is  p a r t i c u l a r l y  true of d i s rupt ions  of  t he  h e a r t  
rhythm i n  a t h l e t e s ,  t h e  s tudy of which has been very sparse  (L.  A. Butchenko, - /410 
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1963; V. N. Kovalenko, 1959; V. I .  Kalyunov; A. G .  Dembo, M. L. Proektor and 
Ye. I. Kareva, 1965; Kh. Yu. Sil'dmyae, A. A. Vim, S. M. Oya and E. A. V i r u ,  
1964; e t c . ) .  However, t h i s  problem becomes more pressing with each passing 
year,  s ince  t h e  number of  a t h l e t e s  with disrupt ions of  t h e  hea r t  rhythm 
increases ,  and the re  are conclusive d a t a  cur ren t ly  ava i lab le  ind ica t ing  t h e  
pathological  s ign i f icance  i n  many cases. 

According t o  present  concepts, a l l  d i s rupt ions  i n  the  rhythm are 
manifestat ions of changes i n  t h e  normal r e l a t ionsh ips  between e x c i t a b i l i t y  
and conductivity on t h e  one hand and automatism of  t h e  s p e c i f i c  conductor and 
muscular t i s s u e  of  t h e  h e a r t  on t h e  o ther  hand (I .  A. Chernogorov) . 

A second e s s e n t i a l  f a c t o r  i n  the  o r ig in  of d i s rupt ions  o f  the rhythm 
cons is t s  of t h e  morphological changes i n  t h e  myocardium resu l t i ng  from 
various causes, including in fec t ions ,  in toxica t ions ,  disrupt ions of endocrine 
metabolism and exogenic d is rupt ions  (I. A. Chernogorov, 1962). In the  
opinion of I. A. Chernogorov, t h e  p r inc ipa l  background against  which 
d is rupt ions  of  t h e  card iac  rhythm develop i s  the  funct ional  s ta te  of t h e  
higher  segments o f  t h e  vege ta t ive  nervous system cont ro l l ing  t h e  pr inc ipa l  
functions of  t h e  hea r t .  Without negating t h e  tremendous s igni f icance  of 
organic hear t  damage, I .  A. Chernogorov evaluates  them as a s t imulant ,  t h e  
degree of t h e  effect  of  which depends on the  funct ional  s t a t e  of the  e n t i r e  
complex system of  regula t ion  of t h e  a c t i v i t y  of  t he  hea r t  a t  t he  moment t h e  
st imulant arises. 

In recent  times, many authors (V. M. Bogolyubov, 1963; L.  T. Malaya 
' e t  a l . ,  1964; Scherf and Schot t ,  1959; Fox, 1959; e t c . )  look upon changes i n  

t h e  normal r e l a t ionsh ips  between potassium and sodium as one of the  patho- 
genet ic  l i nks  i n  t h e  d is rupt ion  of  t h e  rhythm. 
the  e f fec t iveness  of  l a rge  doses of potassium i n  t h e  treatment of arhythmia. 
I t  i s  considered t h a t  t h e  effect o f  potassium i s  nonspecific;  it r e s to re s  
d is rupt ions  i n  t h e  equilibrium between potassium and sodium and depressed t h e  
ec topic  center of  exc i t a t ion  i n  t h e  myocardium. These ectopic  centers  
of exc i t a t ion  arise i n  t h e  myocardium as a r e s u l t  of  changes i n  the  metabol- 
i s m ,  t he  nature  of which may be q u i t e  var ied.  These metabolic changes 
f ac i l i t a t e  d isorders  i n  t h e  nervous regulat ion o f  the  hea r t ,  leading some- 
times t o  a reduction i n  t h e  content of macroergic phosphorous compounds 
(M. S. Bakumenko) . 

One confirmation of  t h i s  i s  

We know t h a t  d i s rupt ions  i n  t h e  hear t  rhythm may be encountered i n  qu i t e  
heal thy persons as a r e s u l t . o f  various extracardiac influences ( G .  F. Lang, 
A. M. S iga l ,  e t c . ) .  On t h e  o the r  hand, d i s rupt ions  i n  t h e  rhythm are 
frequent ly  manifestat ions of var ious pathological  changes i n  t h e  cardiac 
muscle. In t h i s  connection, w e  must recall  t h e  work o f  F. Z .  Meyerson 
e t  a l .  (1964), i n  which it was shown experimentally t h a t  t he  nervous /411 
regulat ion of  t h e  h e a r t  changes i n  cardiac hyperfunction; i n  p a r t i c u l a r ,  t he  
r e a c t i v i t y  t o  the. inf luence of t he  vagus nerve i s  decreased. They ca l l ed  
t h i s  t h e  "emancipation phenomenon" and explained it as an increase  i n  t h e  
r e s i s t ance  o f  t h e  s inus  node t o  t h e  inh ib i tory  inf luence o f  the  vagus nerve. 
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One of  t he  f a c t o r s  explaining both t h e  phenomenon o f  emancipation and t h e  
increase  i n  automatism was considered by these  authors  t o  be a decrease i n  
t h e  l eve l  of potassium i n  t h e  myocardium as a r e s u l t  of  an increase i n  i t s  
el iminat ion during card iac  hyperfunction. 

In  addi t ion t o  t h i s ,  it i s  thought t h a t  t h e  formation o f  d i s rupt ions  i n  
the  rhythm under the  inf luence o f  nervous f ac to r s  can occur only i n  the  
presence of c e r t a i n  pathological  changes i n  t h e  myocardium (D. M. Fedorov, 
1965; e t c . ) .  In  any case,  it is  doubt less  t h a t  t h e  r eac t ion  of  t he  card iac  
rhythm t o  any given stimulus depends on t h e  func t iona l  s t a t e  of  t he  cardiac 
muscle and t h a t  t h e  same st imulus may give d i f f e r e n t  e f f e c t s .  

Among ac t ive  a t h l e t e s ,  we encounter persons with almost a l l  types of  
arhythmia, depending not  only on d is rupt ions  of  automatism, but a l so  on 
e x c i t a b i l i t y  and conduct ivi ty .  The frequency o f  var ious d is rupt ions  i n  the  
rhythm a r e  va r i ab le  -- from indiv idua l  cases ,  such as paroxysmal c i l i a r y  
arhythmia or d i s soc ia t ion  with in t e r f e rence ,  t o  r a t h e r  f requent ly  encountered 
arhythmias caused p r i n c i p a l l y  by d is rupt ion  of e x c i t a b i l i t y  and automatism. 
S t i l l ,  d i s rupt ions  of  t h e  rhythm i n  a t h l e t e s  a r e  encountered twice as 
frequent ly  as i n  persons not involved i n  spo r t s  (Table 43). In  works 
dedicated t o  ana lys i s  of d i s rup t ions  i n  t h e  ca rd iac  rhythm of a t h l e t e s ,  t hese  
d is rupt ions  a r e  f requent ly  in t e rp re t ed  as func t iona l ,  as  a var ian t  of t he  
norm, 'as a "pecul iar i ty ' f  of t h e  s p o r t s  h e a r t ,  e t c .  In our opinion, each such 
case should be ca re fu l ly  c l i n i c a l l y  analyzed. 

Table 43 presents  d a t a  on the  frequency o f  var,ious arhythmias i n  
a t h l e t e s  (A. G.  Dembo, Ye. I .  Kareva, M .  L .  Proektor,  1964). 

As we can see  from Table 43, t he  percentage o f  a t h l e t e s  with var ious 
arhythmias i s  11.28% of the  ove ra l l  t o t a l  (2742 persons) .  The arhythmias 
r e s u l t i n g  from dis rupt ion  o f  autqmatism, according t o  our da ta ,  make up 
4.4%, almost twice as g rea t  as t h a t  noted by L. A.  Butchenko (1957). I t  
should be noted t h a t  t h i s  group d i d  not include s inus  tachycardia or s inus  
arhythmia. I t  d id  include:  acute  s inus  bradycardia ( l e s s  than 40 b e a t s . p e r  
minute), migration of  t he  source of rhythm, a t r i o v e n t r i c u l a r  rhythm and 
coronary s inus rhythm. The arhythmias r e s u l t i n g  from dis rupt ion  of conduct- 
i v i t y  amounted t o  3.65%. 
a t r i o v e n t r i c u l a r  block, f i rs t  degree, f requent ly  encountered i n  a t h l e t e s  and 
represent ing i n  many cases a normal va r i an t  of t h e  spo r t s  electrocardiogram. 

s tage  11,  complete block of  t h e  r i g h t  branch of  the  bundle of H i s  of t h e  
Wilson type and the  Wolf-Parkinson-White syndrome. L i s t ing  of these  changes 
as a va r i an t  of t h e  norm requi res  convincing proof.  As was pointed out  
above, the  remaining types of arhythmia were encountered i n  a few indiv idua l  
cases.  

The p r inc ipa l  group among these  consis ted o f  

/412 However, thi.s group of arhythmias a l s o  includes a t r i o v e n t r i c u l a r  block, - 

No convincing da ta  concerning t h e  inf luence of sex,  age and spor t s  
mastery on t h e  frequency of arhythmia w a s  discovered. 
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TABLE 43.  D I S R U P T I O N S  O F  HEART RHYTHM 
I N  A T H L E T E S  ( I N  PERCENTAGE OF TOTAL NUMBER O F  PERSONS S T U D I E D )  

I N  1362 FROM M A T E R I A L S  OF LGVFD 
(A.  G. DEMBO, Ye. 1 .  KAREVA, M. L .  PROEKTOR) 

. . .  , . . . . . . . . . . .  ” .... 

Type of rhythm 
disruption 

. ... - . . . . .  - . . . . . . . . . . .  

Arhythmia resulting from 
disruption of excitability 
extrasystolic arhythmia 
Arhythmia resulting from 
disruption of automatism 
Bradycardia (less than 40 
beats per min) 
Migration of sinus 
rhythm 

,Atrioventricular Inodal) 
rhythm 
Coronary sinus rhythm.’. 
Arhythmia resulting from 
disruptions of conductivity 
Akioventricular block 
stage I, stage 11 
Complete block of right 
branch of bundle of His, 
Wilson type 
WP W( W olf-parkinson- 
White) syndrome . .  

I_ -. ..* -,.. ........ 
Total no. subiects . . .  

ibsolute 

jl__ _ ^ _ =  .-. . . .  .-__ ). ........ .* ................ 
- - . . .  Of these - - -_ . - - . . . . .  - .- - ........ 

. - . . 

Absolute 
.. ._ ...... 

59 

9.:: 

24 

24 

I 1  

34 

70 
- -  
33 
5 

4 

! 5 

‘WC ....... - . 
4 b _ O l U t ~  . . . . .  

29 

2s 

1 

11 

7 

9 

21 

17 
I 

1 

2 

en .... -. .. 
9; 

. -. _. 

4,51 

4,s 

0 , 1 *-I 

1 ,il 

1,1 

1 , 4  

P 

0 , I -r> 

T r .  Note: Commas indicate  decimal points .  

There is some i n t e r e s t  i n  a comparison of t hese  d a t a  with t h e  da t a  
produced by H i s s  and Lamb (1962), who s tudied  t h e  electrocardiograms o f  
122,043 heal thy persons -- p i l o t s . a n d  s o l d i e r s  (Table 44). 

We can see  from Table 44 t h a t ,  with t h e  exception of  migrat ion of t h e  
s inus rhythm and complete block of t h e  r i g h t  branch of t h e  bundle of  H i s ,  t he  
remaining forms o f  d i s rupt ion  of t h e  hea r t  rhythm a r e  encountered much more 
f requent ly  i n  a t h l e t e s  than i n  nonathletes .  

388 



TABLE 44. COMPARATIVE DATA O N  V A R I O U S  DISRUPTIONS 
OF C A R D I A C  RHYTHM A C C O R D I N G  TO V A R I O U S  AUTHORS 

( I N  P E R C E N T )  

. . .  

nrqisruption . .  

Atrioventri- 
cular block 
Stage Stage 
. - . . . - - 

. .  1 \ 1 1  

2 : r ! b  O , ? l  
[) , !;s (; , fp:.);; 

. . .. . .- . 
n conductivity i . _ _  .. 

T r .  Note: Commas indica te  decimal points .  

Disruption i n  e x c i t a b i l i t y .  The g r e a t e s t  i n t e r e s t  i n  spo r t s  medicine i s  
f e l t  in t h e  group of arhythmias a r i s i n g  as a r e s u l t  of  d i s rupt ion  i n  
e x c i t a b i l i t y ,  i . e .  e x t r a s y s t o l i c  arhythmia. These arhythmias a r e  q u i t e  
d i f f i c u l t  f o r  d i f f e r e n t  i a1 d i  agnos i s . 

Also, t h e  number of a t h l e t e s  with e x t r a s y s t o l i c  arhythmia has increased 
considerably i n  t h e  last 15 years ,  so t h a t  t he  necess i ty  of determining the  
o r ig in  of t hese  arhythmias i s  of  considerable  p r a c t i c a l  s ign i f icance .  
1950, t h e  percentage of a t h l e t e s  with e x t r a s y s t o l i c  arhythmias was 1.5 
(S .  P.  Letunov), i . e .  t he  same as  Stewart and Manning (1942) determined f o r  
heal thy persons.  
a t h l e t e s  (L. A. Butchenko), while by 1962 e x t r a s y s t o l i c  arhythmia was noted 
i n  3 .22% of  t h e  a c t i v e  a t h l e t e s .  This increase  must be r e l a t e d  t o  the  
sharp increase  i n  t h e  degree o f  t r a i n i n g  loads which has occurred i n  recent  
years ,  which should caut ion u s  once more aga ins t  consider ing e x t r a s y s t o l i c  
arhythmia i n  a t h l e t e s  a va r i an t  of t h e  norm. 

In 

However, i n  1959 t h i s  percentage had increased t o  2.9,among 

I t  is  well  known t h a t  e x t r a s y s t o l i c  arhythmia, namely ind iv idua l  ex t ra -  
sys to l e s ,  i s  encountered i n  hea l thy  persons. The causes a r e  many. In  many 
cases ,  they r e s u l t  from the  inf luence of  ex t r aca rd iac  fac tors .  and a r e  
p r i n c i p a l l y  a manifestat ion of discoordinat ion between the  parasympathetic 
and sympathetic in f luences ,  and a l so  a r e s u l t  of var ious emotional i n f l u -  
ences. 

. An example of t h e  l a t te r  i s  master  of spo r t s  i n  skat ing M, 28 years  o ld .  - /414 
He has no complaints. 
cardiogram (Figure 109) taken during a t i m e  of considerable nervous 
exc i t a t ion ,  we see  bigeminy and trigeminy. A few days l a t e r ,  we see complete 

He has high emotional e x c i t a b i l i t y .  On the  e l ec t ro -  
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normalization of  t h e  electrocardiogram. Subsequently, no d i s rup t ions  i n  t h e  
electrocardiogram were observed, and t h e  a t h l e t e  continued t o  t r a i n  and en te r  
competition. 
always considered t o  be  a manifestat ion of severe organic changes i n  t h e  
h e a r t .  

This observat ion is  i n t e r e s t i n g  a l s o  because al lorhythmia was 

Figure 109. Electrocardiogram of A t h l e t e  M. a ,  During nervous 
exc i t a t ion ;  b,  several  days l a t e r  (explanation i n  t e x t ) .  

The reason for t h e  formation o f  e x t r a s y s t o l i c  arhythmia may a l s o  be 
r e f l e c t o r  inf luences a r i s i n g  from the  t o n s i l s  and b i l i a r y  t r a c t s  
'(M. A. Eres'ko, 1957), t h e  sexual a rea  (Lecont, 1911), o r  t h e  r e sp i r a to ry  
organs (Lamb e t  a l . ,  1958), etc. 

An e s s e n t i a l  r o l e  i n  the  formation of  e x t r a s y s t o l i c  arhythmia i s  played 
by dystrophy o f  t h e  myocardium both during acute  i n f e c t i o n  and as a r e s u l t  of 
in toxica t ion  from various centers  of chronic in fec t ion  (R. G .  Mezhebovskiy, 
1961; Reindell ,  1943; Klemola, 1962; e t c . ) .  This should be p a r t i c u l a r l y  kept 
i n  mind i n  evaluat ing e x t r a s y s t o l i a  i n  a t h l e t e s ,  s ince  the  percentage with 
cen te r s  of  chronic in fec t ion  ( t o n s i l l i t i s ,  abscessed t e e t h ,  c h o l e c y s t i t i s )  i s  
higher  than among persons not involved i n  spo r t s .  Convincing confirmation o f  
t h e  s ign i f i cance  of t o n s i l l o g e n i c  in fec t ion  i n  t h e  formation of  rhythm 
dis rupt ions  can be found i n  t h e  disappearance of  these  d is rupt ions  after 
tons i 1 1 ec t  omy . 

Let us present  an example. Light a t h l e t e  c l a s s  I N ,  20 years  old.  No 
complaints. C l in i ca l  examination shows chronic t o n s i l l i t i s .  The e l ec t ro -  
cardiogram (Figure 110) shows a t r ia l  ex t rasys to les  ( a ) ,  completely 
disappearing a f t e r  s i x  months following tonsi l lectomy (b) .  

/415 An e s s e n t i a l  r o l e  i n  the  formation of  e x t r a s y s t o l i c  arhythmia i n  - 
a t h l e t e s  i s  played by physical  overs t ress .  
1928; Reindell ,  1938; S. P. Letunov, 1950; A. A. Kedrov, 1963; 

A number of  authors  (Messerle, 
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V. I .  Kalyunov, 1964; e t c . )  have described ex t r a sys to l i c  arhythmia as a 
r e s u l t  of physical  overs t ress .  

Figure 110. Electrocardiogram o f  A t h l e t e  N (Explanation i n  Text) 

One case o f  formation of c i l i a r y  arhythmia under the  inf luence of 
weight ' l i f t i n g  has been described (L.  T.  Angonov, 1964). V. N .  Morozov 
(1964) describes var ious changes i n  t h e  electrocardiogram, including ex t ra -  
sys to les ,  depending, i n  h i s  opinion, on overloading, performed without 
s u f f i c i e n t  res t .  

There i s  some i n t e r e s t  i n  a case of funct ional  polytopic  bigeminy noted 
i n  a 23-year-old a t h l e t e ,  a r i s ing  as a r e s u l t  of overfat igue with la rge  
t r a in ing  loads (N .  S. Yevseyev and Y e .  S. Rom-Boguslavskaya, 1963). This 
bigeminy disappeared completely under the  inf luence of  r e s t  and treatment.  

1. Master of  spor t s  i n  wrest l ing A, 22 years old.  The electrocardio-  
gram (Figure 111) taken during overtraining,  shows a t r ioven t r i cu la r  rhythm 
with Wenkebach-Samoylov periods.  After  one h a l f  yea r ' s  r e s t ,  we see 
complete normalization of t h e  electrocardiogram. 

2. Football p layer  first class F, 23 years  old.  Manifest phenomena 
of overtraining observed, and t h e  electrocardiogram, previously completely 
normal, shows a t r i o v e n t r i c u l a r  block with Wenkebach-Samoylov per iods 
(Figure 112). After two months' rest ,  a l l  eliminated, and the  e l ec t ro -  
cardiogram i s  q u i t e  normal. 

Disruptions i n  t h e  regimen have some s igni f icance  i n  t h e  formation of 
rhythm disrupt ions.  M. B .  Kazakov (1961) presents  a case involving heavy 
a t h l e t e  L, who, a f te r  a severe d is rupt ion  i n  regimen (immoderate drinking and - /416 
smoking), shows c i l i a r y  arhythmia. The corresponding treatment succeeded i n  
i n  achieving r e s to ra t ion  of t he  rhythm, and subsequently no arhythmia was 
noted f o r  t h e  next t h r e e  years,  although the  a t h l e t e  continued i n  t r a in ing .  
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Figure 1 1  1 .  Electrocardiogram o f  A t h l e t e  A (Explanat i o n  i n  
t ex t )  

F i g u r e  112. Electrocardiogram o f  A t h l e t e  F (Explanation i n  
t e x t )  

Let us present a similar case. Boxer R,  28 years old,  master of s p o r t s  
(Figure 113). On 30/3/1957, an electrocardiogram was taken, which proved 
normal (a) .  Between 30/3 and 25/4, t h e  a t h l e t e  was knocked out i n  a 
bout, followed af ter  some time by a lcohol ic  in toxica t ion .  The e l ec t ro -  
cardiogram o f  25/4 shows c i l i a r y  arhythmia (b), disappearing a f t e r  two 
weeks’ complete r e s t ,  not  t o  r e tu rn  (c ) .  

Disruptions i n  e l e c t r o l y t e  metabolism, the  s ign i f icance  o f  which i n  
the  formation of  rhythm dis rupt ions  has been indicated r ecen t ly  i n  t h e  l i t e r -  
a tu re  (Friedberg, 1956; Scherf,  Schott ,  1957; Fisch e t  a l . ,  1960; 
L .  T. Malaya, 1964; A. V. Swnarukov, 1964), may a l so  have some s igni f icance  
i n  the  formation o f  arhythmias i n  a t h l e t e s .  
f a c t o r  doubtless has some s igni f icance  i n  the  formation o f  t h e  cardiac over- 
stress syndrome i n  a t h l e t e s  (A. G .  Dembo, M.  L. Proektor,  Zh. A. Teslenko, 
1962, 1963). 

I t  should be noted t h a t  t h i s  
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Fina l ly ,  ca rd iac  rhythm dis rupt ions  i n  a t h l e t e s  may r e s u l t  from cardio-  /417 
s c l e r o s i s  following p a s t ,  undiagnosed rheumatic myocardit is  or r e s u l t i n g  

- 
from other  causes. 

F i g u r e  113. Electrocardiogram o f  A t h l e t e  R (Explanation i n  
t ex t )  

. .  . .  . i  i:' 
i 

8 .  !i \/ 

Figure 114. Electrocardiogram o f  Athle te  Z h  (Explanation i n  
Text) 

Master of spo r t s  i n  sk i ing  Zh, 21  years  old.  The electrocardiogram 
(Figure 114) c l e a r l y  shows bigeminy.. 
changes ind ica t ing  pathology. 
from the  anamnesis and c l i n i c a l  examination ind ica t e  the  following diagnosis:. 
qyoca rd i t i c  ca rd iosc l e ros i s ,  f u r t h e r  involvement i n  spo r t s  forbidden. 
Unfortunately,  i n  s p i t e  of  t h i s ,  t h e  a t h l e t e  continued t r a in ing ,  and a f t e r  
an in tens ive  t r a i n i n g  exerc ise ,  died i n  s leep .  
card iosc le ros is  was confirmed by autopsy. 

This bigeminy i s  combined with o the r  
The changes i n  t h e  elecxrocardiogram, d a t a  

The diagnosis  of myocardit ic 
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Thus, i n  comparison with 1953, w e  s e e  not  on ly  an increase i n  the  number 
o f  a t h l e t e s  with ex t r a sys to l i a ,  but a l s o  a change i n  t h e  na ture  of t he  
e x t r a s y s t o l i c  arhythmias. 
cerning the  increase  i n  i n t e n s i t y  of t r a i n i n g  loads,  t h i s  cannot be by 
chance, s ince  high loads,  used i n e f f i c i e n t l y ,  may be a reason f o r  t he  
formation o f  pathological  changes of the  hea r t .  I n  connection with t h i s ,  i t  
i s  even more important t o  p e r f o m  obl iga tory  and ca re fu l  c l i n i c a l  ana lys i s  of 
each case of e x t r a s y s t o l i c  arhythmia i n  a t h l e t e s ,  p a r t i c u l a r l y  s ince  they 
make no complaints i n  most cases. 

I n  t h e  l i g h t  of  what we have s t a t e d  above con- /419 

Careful c l i n i c a l  ana lys i s  of  each case o f  card iac  arhythmia is  
necessary. 
b a s i s  of  absence of complaints alone, or  i n  combination with high spor t s  
r e s u l t s ,  cannot be done. The r e v e r s i b i l i t y  of arhythmias does not always 
ind ica t e  t h a t  t h e r e  i s  no organic  damage t o  t h e  hea r t .  
not only o f  arhythmias r e s u l t i n g  from dis rupt ions  i n  e x c i t a b i l i t y ,  but a l l  
d i s rupt ions  i n  t h e  ca rd iac  rhythm i n  a t h l e t e s .  

L is t ing  d is rupt ions  i n  the  rhythm as va r i an t s  of t h e  norm on t h e  

A l l  o f  t h i s  i s  t r u e  

Disruptions of  automatism. The group of  arhythmias a r i s i n g  a s  a r e s u l t  
of  d i s rupt ions  i n  automatism must include f irst  of  a l l  manifest  s inus  
bradycardia with a pulse  frequency o f  l e s s  than 40 b e a t s  p e r  minute. 

As was noted above, t h e  c l a s s i c a l  t r i a d  of  t h e  s ta te  o f  t r a in ing  (hypo- 
tens ion ,  bradycardia,  hypertrophy) requi res  f u r t h e r  examination. In 
Chapter X I  (see p. 3 7 5 )  we showed the  p o s s i b i l i t y  o f  var ious o r ig ins  of 
hypotension. 
an ind ica to r  of t h e  s t a t e  of t r a i n i n g  without s p e c i a l  examination of  t he  
a t h l e t e  only t o  a c e r t a i n  ex ten t .  
each case be sure  t h a t  it is  not  a manifestat ion o f  pathological  changes i n  
t h e  myocardium. 

As concerns bradycardia,  first of a l l  it can be looked upon as 

Below t h i s  frequency l eve l ,  we must i n  

The convincing confirmation of the  above i s  t h e  case of l i g h t  a t h l e t e  B ,  
23 years old,  who had manifest bradycardia (28-30 bea t s  pe r  minute). Our 
a t t e n t i o n  i s  drawn by t h e  f a c t  t h a t  i n  t h e  func t iona l  t e s t ,  t h i s  a t h l e t e ' s  
pulse  showed very l i t t l e  increase.  Electrocardiographic  examinations 'showed 
complete a t r i o v e n t r i c u l a r  block as a r e s u l t  of  myocardit ic card iosc le ros is  of 
rheumatic e t  io1 ogy . 

V. N. Kovalenko, L. A. Butchenko, V. I. Kalyunov, M. L. Proektor d id  not  
always f i n d  a para l le l i sm between bradycardia and high l eve l  of t r a in ing .  
Thus, V. I. Kalyunov (1963) found poor a d a p t a b i l i t y  t o  loading i n  30% of  
a t h l e t e s  with bradycardia,  along with a decrease i n  the  working a b i l i t y ,  
f a t igue ,  s l eep  d is rupt ions  and i r r e g u l a r  appe t i t e ,  pains ,  e t c .  He assumes 
t h a t  i n  these  cases  the  bradycardia i s  a r e s u l t  of over fa t igue  o r  i n fec t ious -  
t o x i c  e f f ec t s .  

A n  example of bradycardia as a r e s u l t  of overloading is  presented by 
t h e  electrocardiogram o f  a t h l e t e  V, 19 years  o ld ,  a class I vol leybal l  
p layer  (Figure 115). He has no complaints, t r a i n s  d a i l y ,  combining t h i s  with 
study a t  t h e  i n s t i t u t e .  The electrocardiogram (Figure 115, A) shows manifest - /420 
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bradycardia (33 beats  p e r  minute), combined with v e n t r i c u l a r  ove r s t r e s s  
phenomena (see p . 4 2 8 ) .  
cardiogram taken two months later (Figure 115, B) shows no l e f t  ven t r i cu la r  
ove r s t r e s s ,  and t h e  bradycardia has disappeared -- t h e  pulse  frequency is 
54 beats  pe r  minute. 

For two months, t r a i n i n g  was stopped, The e l ec t ro -  

After loading 

Figure 115. Electrocardiogram of A t h l e t e  
a t i o n  i n  Text) 

v (Explan- 

Thus, it i s  obvious t h a t  any case of  bradycardia below 40 bea ts  per  
minute should be t h e  sub jec t  of  spec ia l  medical ana lys i s  and o n l y . i f  no o t h e r  

from t h e  norm i n  t h e  s t a t e  of hea l th ,  can t h e  bradycardia  be considered a 
p e c u l i a r i t y  of t h e  electrocardiogram of a hea l thy  a t h l e t e ,  ind ica t ing  a high 
s t a t e  of t r a in ing .  

/421 changes on t h e  electrocardiogram a r e  found, and i f  the re  are no deviat ions 
_L_ 

396 



Among t h e  d is rupt ions  i n  rhythm a r i s i n g  as a r e s u l t  of  d i s rupt ions  i n  
automatism, we must a l s o  include migration o f  t he  source of rhythm, i . e .  
displacement o f  t he  rhythm cont ro l  from t h e  s inus  node t o  the  a t r i o v e n t r i c -  
u l a r  node and back, a t r i o v e n t r i c u l a r  rhythm and coronary s inus  rhythm, one 
v a r i e t y  of a t r i o v e n t r i c u l a r  rhythm. 
encountered i n  a c e r t a i n  percentage of heal thy persons, although they a r e  
most f requent ly  a r e s u l t  o f  pathological  changes i n  the  myocardium. 

These d is rupt ions  i n  fhythm are 

Migration of  t h e  source of rhythm i n  heal thy persons may r e s u l t  from an 
increase  i n  t h e  tonus of t h e  vagus nerve. 
Table 43) the  percentage of persons with t h i s  form of  rhythm dis rupt ion  is  
somewhat higher  than among a t h l e t e s .  
s inus  rhythm may be a r e s u l t  o f  var ious in toxica t ions  o r  var ious types of  
inflammatory processes i n  t h e  myocardium. 

Among hea l thy  persons (see 

A t  t h e  same t i m e ,  migration of t h e  

As conce2ns a t r i o v e n t r i c u l a r  rhythm and i ts  v a r i e t i e s ,  it occurs i n  
cases  of  complete or p a r t i a l  block of  t he  automatism of  the  s inus  node. 
may occur following any inf luences r e s u l t i n g  i n  inh ib i t i on  o f  t h e  automatic 
funct ioning of  t he  s inus  node, as w e l l  as i n  cases  o f  acute  bradycardia 
(L.  I. Fogel'son, 1957; A. M. S iga l ,  I .  A. Chernogorov, 1962; e t c . ) .  The 
inf luences f a c i l i t a t i n g  an increase  i n  e x c i t a b i l i t y  o f  t he  a t r i o v e n t r i c u l a r  
node, i n  addi t ion  t o  those out l ined  above, include var ious in toxica t ions  and 
myocardit is .  

This 

I t  i s  bel ieved t h a t  coronary s inus  rhythm is encountered so  r a r e l y ,  even 
i n  pathological  cases,  t h a t  some authors  (I. S. Shni t ser ,  1963) relatzril ' io 
t o  casu i s t ry .  However, as we can s e e  from Table 44, t h i s  is not so.  Coron- 
a ry  s inus  rhythm may have a neurogenic o r ig in ,  bu t  may a l s o  depend on 
inflammatory o r  s c l e r o t i c  changes, as well as ischemia of s ec to r s  o f  t h e  
myocardium i n  the  a rea  of  t h e  coronary s inus .  
p o s s i b i l i t y  of  formation o f  a t r i o v e n t r i c u l a r  rhythm, l i k e  coronary s inus  
rhythm, is  obvious with vagotension, t h e  quest ion of t h e i r  .or igin i n  a t h l e t e s  
requi res  ca re fu l  c l i n i c a l  ana lys i s  i n  each case i n  order  t o  e l imina te  possi-  
b l e  pathological  changes of  t h e  myocardium. 

In s p i t e  of  t h e  f a c t  t h a t  t h e  

Disruptions i n  cond,uct i v i t y .  The percentage of  a t h l e t e s  with arhythmia 
r e s u l t i n g  from dis rupt ions  i n  conduct ivi ty  is 3.66. A p a r t i c u l a r  group among 
them i s  made up by those with first s t age  a t r i o v e n t r i c u l a r  block, i . e .  
e longat ion of t he  P-Q i n t e r v a l  ab'ove t h e  upper boundary o f  the  norm 
(P-Q > 0.21 sec ) .  

I t  i s  well  known t h a t  a t r i o v e n t r i c u l a r  block may depend on an increase  
i n  the  tonus o f  t h e  vagus nerve. Most authors (0. V. Kachorovskaya, 1947; - /422 
S. P..Letunov, 1950, 1957; V. V. Bulychev, 1962; Herzum, 1940; Reindell ,  
1949; Slapak, 1956; Lepeschkin, 1957; e t c . ) ,  considering t h a t  t he  increase  i n  
tonus of t h e  vagus nerve i s  an inherent  property o f  persons involved i n  
spo r t s ,  cons ide red , th i s  d i s rup t ion  i n  rhythm as a p e c u l i a r i t y  o f  t h e  
electrocardiogram of t h e  a t h l e t e .  
e longat ion of a t r i o v e n t r i c u l a r  conduct ivi ty  may be a manifestat ion of  
inflammatory o r  s c l e r o t i c  processes i n  t h e  myocardium, a r e s u l t  of 

However, w e  should not fo rge t  t h a t  t h e  
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in toxica t ion  r e s u l t i n g  from a center  of chronic infec t ion  or, f i n a l l y ,  
dystrophy of  t he  myocardium, a r i s ing  upon overfatigue or overtraining.  A 
case has been described of  complete a t r i o v e n t r i c u l a r  block, r e s u l t i n g  from 
severe alcohol ic  in toxica t ion  (L. A. Kuvaldina, 1964). 

According t o  the  da ta  of V. I .  Kalyunov (1963), 39.1% of a l l  a t h l e t e s  
with elongation of t h e  a t r i o v e n t r i c u l a r  conductivity show t h i s  phenomenon as 
a r e s u l t  of  some pathological  process. 

Thus, it is  o h i o u s  t h a t  t h i s  type of arhythmia a l s o  requires  c l i n i c a l  
analysis .  

The degree of elongation of t h e  a t r i o v e n t r i c u l a r  conduct ivi ty  should not  
be used as a c r i t e r i o n  f o r  so lu t ion  of t he  question of t he  genesis  of t h i s  
elongation (S. P. Letunov, 1957; Reindell ,  1949; Lepeschkin, 1957; 
M.  L.  Proektor, 1964; e t c . ) .  

Di f fe ren t ia l  diagnosis between physiological and pathological  elongation 
of t h e  a t r i o v e n t r i c u l a r  conductivity can be performed using a tes t  with 
physical loading and t h e  in j ec t ion  of a t ropine (S. P. Letunov, M. L .  Proek- 
t o r ,  Reindell, Herzum, Kienle, e t c . ) .  I t  i s  believed t h a t  i f  the  elongated 
P-Q i n t e r v a l  i s  shortened under the  influence of ,phys ica l  loading, t h i s  
elongation should be looked upon as physiological ,  whereas the absence of any 
change i n  t h i s  i n t e rva l  or i t s  f u r t h e r  elongation, and espec ia l ly  appearance 
o f  Wenkebach-Samoylov per iods,  e t c . ,  ind ica te  pathological  o r ig in  of t h e  
elongation. However, a number of inves t iga t ions  (S. P.  Letunov, Slapak, 
e t c . )  have es tab l i shed  t h a t  elongation of the  a t r i o v e n t r i c u l a r  conductivity 
during physical loading may occur i n  absolutely heal thy a th l e t e s ,  whereas i n  
hea r t  disease under these  conditions it is frequent ly  shortened. I t  follows 
from t h i s  t h a t  t he  physical loading t e s t  cannot be used as a s u f f i c i e n t l y  
accurate c r i t e r i o n  f o r  c l i n i c a l  evaluation of elongation of the  a t r i o -  
v e n t r i c u l a r  conductivity . 

A s  concerns the  atropine t e s t ,  i f  30-60 min following subcutaneous 
in j ec t ion  of 1 mQ of a 0.1% solu t ion  of a t ropine a shortening of a previously 
elongated P-Q in t e rva l  occurs, it follows t h a t  t h i s  elongation is  a 
manifestation of vagotension. With organic damage t o  the myocardium, the  
e f f e c t  of t he  in j ec t ion  of a t ropine should not  occur. 
e l iminates  the  influence of increased tonus of the  vagus nerve on t h e  one 
hand, while expanding the  vesse ls  feeding the  area of t he  a t r i o v e n t r i c u l a r  
node on the  o ther  hand and, by improving blood supply, normalizes i t s  
function. 
pa t i en t s  with rheumatic hear t  damage a l so  may show a shortening of the  
P-Q in t e rva l  under the  influence of a t ropine,  s ince  the  blood supply t o  the  
conducting system of t h e  h e a r t  i s  improved (S. G .  Moiseyev, Lepeschkin, 
Messer, e t c . ) .  Thus, it i s  obvious t h a t  even t h i s  t e s t  does not allow 
r e l i a b l e  diagnosis of funct ional  or organic genesis of elongation of t h e  
a t r i o v e n t r i c u l a r  conductivity.  

As we know, atropine 
/423 - 

Thanks t o  t h i s  l a t t e r  property of a t ropine,  it has been found t h a t  
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Solut ion of  t h e  problem requi res  i n  each individual  case the  performance 
of carefu l  c l i n i c a l  ana lys i s  using both o f  t hese  t e s t s .  M. L .  Proektor 
(1964), a f t e r  performing t h i s  c l i n i c a l  examination and using various t e s t s  
f o r  200 a t h l e t e s  with elongated a t r i o v e n t r i c u l a r  conduct ivi ty ,  showed t h a t  i n  
only 35% could the  elongation of t h e  P-Q i n t e r v a l  be evaluated as a manifest-  
a t ion  of vagotension; i n  37.5%, t he  elongation of t he  P-Q i n t e r v a l  was a 
r e s u l t  of myocardial dyst.rophy, a r i s i n g  i n  connection with over t ra in ing  or 
in toxica t ions  from centers  of i n fec t ion ;  i n  27.5%, t he  d is rupt ion  of 
conduct ivi ty  was a manifestat ion of  myocardit ic ca rd iosc l e ros i s .  

Complete block of t h e  r i g h t  branch of  t h e  bundle of H i s  i s  seen i n  
a t h l e t e s  i n  0.18% of a l l  cases ,  t he  same percentage as  i n  heal thy persons not 
involved i n  spo r t s  (see Table 43) .  According t o  the  d a t a  of c e r t a i n  authors ,  
t h i s  percentage reaches 0 . 7 4  among heal.thy persons.  

Under c e r t a i n  unfavorable condi t ions,  complete block of t he  r i g h t  branch 
may occur as a r e s u l t  of  i n e f f i c i e n t  spo r t s  exerc ises .  

The following case i s  a confirmation o f  t h i s .  

Athlete  L ,  40 years  o ld ,  i s  a c l a s s  I marathon runner.  He has no 
complaints. 
electrocardiogram (Figure 116), i nd ica t ing  ove r s t r e s s  of  the  l e f t  v e n t r i c l e .  
Negative T waves i n  the  V1 and V2 leads and a two-phased wave i n  t h e  V lead 

(see Chapter V, s ec t ion  on "Electrocardiography"). The a t h l e t e  was forbidden 
t o  t r a i n ,  but continued t o  t r a i n  in tens ive ly .  One month l a t e r  (Figure 116) 
t h e  electrocardiogram showed complete block o f  the  r i g h t  branch of  t he  bundle 
of H i s .  When t r a i n i n g  was completely ha l t ed  (Figure 116) the  block of  t h e  
branch of  t h e  bundle of H i s  disappeared. 

For t h e  pas t  t h r e e  years ,  changes have begun t o  appear on h i s  

3 

A s  concerns p a r t i a l  block of t h e  r i g h t  branch i n  a t h l e t e s ,  at the  
present  time, due t o  t h e  vec to r  cardiographic method of  inves t iga t ion  
(M. B. Tartakovskiy, Zh. A. Teslenko) it has been shown t h a t  i n  the  over- 
whelming majori ty  of  cases t h i s  e lectrocardiographic  p i c t u r e  i s  explained by 
a delay i n  exc i t a t ion  of t h e  r i g h t  supravent r icu lar  c r e s t  (a  muscular shaf t  
located a t  t h e  boundary of t h e  a n t e r i o r  and p o s t e r i o r  segments of  t h e  r i g h t  
v e n t r i c l e ) ,  and i s  a va r i an t  of t h e  norm. 

/424 The changes i n  t h e  electrocardiogram described i n  1930 by Wolf, - 
Parkinson and White ( the  WPW syndrome) a r e  charac te r ized  by a combination o f  
a shor t  P-Q i n t e r v a l  ( l e s s  than 0.12 sec)  with an expanded QRS complex (over 
0.11 sec ) .  This change i n  t h e  electrocardiogram i s  encountered i n  a t h l e t e s  
i n  0.62% of cases.  I t  has come t o  be considered t h a t  t h i s  syndrome may 
appear i n  young persons without organic  damage t o  the  hea r t ,  although 50-70% 
of those persons with t h i s  syndrome s u f f e r  from paroxysmal t ach ica rd ia  upon 
occasion. 

- /425 
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Figure 116. Electrocardiogram of  A t h l e t e  L 
(Explanat ion i n  Text) 

The WPW syndrome has a l s o  been described with var ious  hear t  d i s -  
eases  -- a t h e r o s c l e r o t i c  ca rd iosc l e ros i s ,  myocardial dystrophy, var ious 
nervous inf luences,  e t c .  According t o  the  opinion o f  Z.  M. Volynskiy e t  a l .  
(1964), t h e  WPW syndrome cannot be considered an "electrocardiographic  
cu r ios i ty , "  as is  sometimes t h e  case. 

In a t h l e t e s ,  ind iv idua l  cases o f  WPW syndrome have been described 
(S. P. Letunov, V. V. Bulychev; L. A. Butchenko and M. L. Proektor,  
V. A. T ish le r ;  Doneff and Sheid; e t c . ) .  Most authors look upon t h i s  syndrome 
as a va r i an t  of t h e  norm. 
WPW syndrome arose af ter  physical  ove r s t r e s s  and when it has been worsened by 
t h e  same fac to r .  Cases have been described of t h e  WPW syndrome a r i s i n g  a f t e r  
d iph the r i a l  myocardit is  i n  a t h l e t e s ,  as well as i n  persons not involved i n  
spo r t s  (V. V. Bulychev, L. A. Butchenko and M. L. Proektor) .  Bachman (1957) 

However, cases have been descr ibed i n  which t h e  
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descr ibed two cases of WPW syndrome i n  a t h l e t e s  and assumed a congenital  
hea r t  anomaly. 

The l i t e r a t u r e  contains  ind ica t ions  t h a t  t h e  WPW syndrome i s  a counter- 
ind ica t ion  t o  acceptance i n t o  the  armed forces  (Monning, 1954; Schmitt, 
1964). I t  i s  a l s o  bel ieved (Friedberg, 1956; 1957; e t c . )  t h a t  physical  
stress and overfat igue provoke attacks o f  paroxysmal tachycardia  i n  persons 
with WPW syndrome, so t h a t  they  should not be allowed t o  take  p a r t  i n  spor t s .  

Thus, it is  obvious t h a t  evaluat ion of t h e  WPW syndrome i n  a t h l e t e s  i n  
t h e  so lu t ion  of t h e  problem of permission f o r  t r a i n i n g  and competition 
requi res  g rea t  care, s ince  t h i s  syndrome i s  polye t io logica l  and polypatho- 
genet ic .  

As concerns usage of  a test  with physical  loading and the  a t ropine  test  
t o  answer the  quest ion of  t h e  func t iona l  or organic  genesis  of t h e  WPW 
syndrome, t h e  da t a  are cont rad ic tory .  
with t h e  WPW syndrome which have been performed (L. A. Butchenko and 
M. L. Proektor) have shown t h a t  t h e  reason for i t s  formation 'in a t h l e t e s  may 
be e i t h e r  a change i n  t h e  tonus of  t h e  ex t racard iac  nerves,  or cardio-  
s c l e r o s i s ,  myocardial dystrophy, or perhaps even a congenital  hea r t  anomaly. 
As concerns t h e  mechanism of  development of  t h i s  syndrome i n  a t h l e t e s ,  it 
r e s u l t s  e i t h e r  from an unusual r eac t ion  o f  p a r a b i o t i c a l l y  a l t e r e d  t i s s u e  
i n  t h e  conducting system of t h e  h e a r t  o r  from a change i n  t h e  func t iona l  
s t a t e  of t h e  a t r i o v e n t r i c u l a r  node and t h e  i n t e r v e n t r i c u l a r  septum, or t h e  
funct ioning of  a congeni ta l  addi t iona l  path between the  a t r i a  and the  
ven t r i c l e s .  

Special  i nves t iga t ions  of  a t h l e t e s  

One d e f i n i t e  d i f fe rence  i n  t h e  course of t he  WPW syndrome i n  a t h l e t e s  
and nonathletes  is t h e  extreme rareness  i n  t h e  former of  a t t acks  of 
paroxysmal tach icard ia .  However, t hese  a t h l e t e s  show de f i c i enc ie s  i n  spo r t s  /426 
s p o r t s  achievement, f requent  over t ra in ing ,  o f t en  combined with high or low 
blood pressure.  

In solving the  problem of whether t o  allow persons with WPW syndrome t o  
take p a r t  i n  spo r t s ,  we.should pr imar i ly  perform carefu l  c l i n i c a l  examin- 
a t i o n .  If t he  WPW syndrome a r i s e s  from an organic h e a r t  d i sease  or is  
combined with paroxysmal t ach ica rd ia ,  cen ters  of  i n fec t ion  or v a r i -  
a t i o n s  i n  a r t e r i a l  pressure,  involvement i n  s p o r t s  should be forbidden, 
s ince  the  case apparent ly  involves organic  h e a r t  damage. 
WPW syndrome disappears with treatment of t h e  accompanying disease,  involve- 
ment i n  s p o r t s  i s  not  counter indicated.  

O f  course, if the  

'In cases  when c l i n i c a l  i nves t iga t ion  allows u s  t,o conclude t h a t  t he  WPW 
syndrome r e s u l t s  from changes i n  t h e  tonus of  ex t racard iac  nerves,  involve- 
ment i n  spo r t s  can be f u l l y  allowed, s ince  t h e  syndrome can be considered a 
p e c u l i a r i t y  of t h e  electrocardiogram of t h e  a t h l e t e .  
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In conclusion, we should emphasize once more the importance of the 
problem of proper evaluation of disruptions in athletes ' heart rhythm, their 
etiology and mechanism of development -- a problem still far from solution 
and requiring study both by clinicists and by pathophysiologists and 
pathologists. 
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CHAPTER X I  I I 

C A R D I A C  OVERSTRESS I N  ATHLETES 

ABSTRACT. Methods and techniques f o r  t h e  d i f f e r e n t i a l  dia- 
gnosis of s y s t o l i c  noises a r e  described. T h e  configurat ions 
o f  s y s t o l i c  no ises ,  a5 w e l l  a s  t h e i r  responses to  physical 
loading and amylni t ra te ,  can be used  f o r  t h i s  d iagnosis .  
T h e  t e c h n i q u e s  o u t l i n e d  allow s a f e  and e f f e c t i v e  d i f fe ren-  
t i a l  diagnosis  b e t w e e n  accidental  and funct ional  noises. 

/427 - I t  i s  hardly necessary t o  prove today the  tremendous s igni f icance  of 
physical  a c t i v i t y ,  and consequently physical  cu l tu re  and spor t s  f o r  the  
maintenance of hea l th ,  t h e  prevention o f  var ious d iseases ,  including cardio-  
vascular  diseases  and, f i n a l l y ,  elongation of l i f e .  

Measured, e f f ec t ive ly  appl ied and properly used physical exerc ises  a r e  

If 
an i r r ep laceab le  p a r t , o f  t he  l i f e  of  Soviet  man. 
t h e  appl ica t ion  of physical  loads must be  t h e  b a s i s  of  spo r t s  t r a i n i n g ,  
they  a r e  ignored and ine f fec t ive ,  improper u t i l i z a t i o n  of  physical  exerc ises ,  
excessive or forced t r a i n i n g  without s u f f i c i e n t  considerat ion of recovery, 
without ind iv idua l iza t ion ,  e t c .  a r e  allowed, t he  r e s u l t  w i l l  be untimely 
de t e r io ra t ion  of t h e  system and organs, t h e  development of var ious patho- 
log ica l  s t a t e s ,  r e s u l t i n g  i n  invalidism and sometimes death.  

These same pr inc ip l e s  of  

Clear examples o f  t he  correctness  o f  t hese  a l t e r n a t i v e s  a re ,  on t h e  one 
hand, Stanley Matthews, who was a g rea t  f o o t b a l l  p layer  a t  age 50 and t h e  
Indonesian rickshaw d r ive r ,  who commonly died without reaching 30 years  of  
age. 

Physical ove r s t r e s s ,  i n  addi t ion t o  the  f a c t  t h a t  it may be one of  t h e  
f a c t o r s  i n  t h e  development o f  hypertension i n  persons with pred ispos i t ion  t o  
t h i s  condition, has an important inf luence d i r e c t l y  on t h e  h e a r t .  The 
inf luence of physical  ove r s t r e s s  on d is rupt ions  i n  hea r t  rhythm has already 
been discussed. In  t h i s  chapter ,  w e  w i l l  d iscuss  t h e  inf luence of physical  
ove r s t r e s s  on the  ca rd iac  muscle. 

F i r s t  of a l l ,  we should d is t inguish  between acute  and chronic over- 
/428 s t r e s s .  The inf luence of these  types of ove r s t r e s s  on the  hea r t  has an 

e s s e n t i a l  d i f fe rence .  Overstress  arises when the  demands determined by t h e  - 
physical  loading and the  capab i l i t y  of the  organism f o r  t h e i r  fu l f i l lmen t  
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do not  correspond (S. P. Letunov, 1950). As a r e s u l t  of t h i s  noncorrespond- 
ence, c l e a r  pathological  changes a r i s e  i n  t h e  organism, p r i n c i p a l l y  i n  t h e  
hea r t ,  which may be t h e  cause of sudden death or severe 'o rganic  damage t o  the  
myocardium (myocardial i n fa rc t ion ,  myocardial hemorrhage, e t c . ) .  

If t h i s  noncorrespondence is  not  t oo  g rea t ,  r e v e r s i b l e  biochemical 
changes occur i n  t h e  h e a r t  muscle, and the  corresponding changes a r e  noted i n  
t h e  electrocardiogram. However, i f  t h e  physical ove r s t r e sv  continues f o r  an 
extended period of  time, these  r eve r s ib l e  changes become i r r e v e r s i b l e .  

With t h i s  understanding of physical  overs t ress ,  i t  is obvious t h a t  it 
depends not on the  absolute  volume and power of t h e  physical  load, but only 
on t h e  noncorrespondence of  t h i s  load t o  the  c a p a b i l i t i e s  of t h e  organism. 
Obviously, even an apparently small  physical  load may cause the  same changes 
caused by an extremely la rge  physical  load i n  a t r a i n e d  a t h l e t e  i f  t h e  
person undertaking t h e  load i s  incapable of performing it. This fact is  
important i n  p r inc ip l e ,  s ince  it expands t h e  concept of physical  ove r s t r e s s ,  
carrying it beyond t h e  l i m i t s  of spo r t s  medicine alone. There is  no d i f f e r -  
ence i n  p r inc ip l e  between t h e  formation of var ious changes i n  the  myocardium 
i n  a t r a ined  runner, who runs 25-30 km d a i l y  i n  h i s  t r a i n i n g ,  and an D. 

untrained person who runs a f t e r  a bus at  a r a t e  t oo  fast f o r  h i s  capabi l -  
i t i es  f o r  only 300 m. 
The differences here a r e  only quan t i t a t ive ,  and t h e  r e g u l a r i t i e s  involved i n  
t h e  development of pathological  changes during physical  loading of t h e  
a t h l e t e  remain completely i n  fo rce  i n  any s i t u a t i o n  when t h e  physical  load 
exceeds the  c a p a b i l i t i e s  of t h e  organism. 
s ign i f icance  of physical  ove r s t r e s s  i n  the  formation of pathological  changes 
i n  t h e  hea r t  is  o f  p a r t i c u l a r  s ign i f icance  a t  t h e  present  time f o r  spor t s  
medicine due t o  t h e  involvement of o lde r  persons i n  physical  cu l tu re  and 
spor t s  . 

In  t h i s  case,  t h e r e  are no q u a l i t a t i v e  d i f fe rences .  

This understanding of t h e  

A c u t e  Cardiac Overstress 

Acute card iac  ove r s t r e s s  may manifest i t s e l f  i n  var ious ways. Some- 
times, acute cardiac def ic iency  a r i s e s  during or immediately a f t e r  a physical  
loading excessive f o r  t h e  person i n  question. 
card iac  def ic iency i s  f a c i l i t a t e d  by various d iseases  (grippe, angina) 
during o r  immediately a f t e r  which a physical  loading i s  incurred, or t h e  
regimen is  disrupted (alcohol,  n i co t ine ) ,  or weight i s  l o s t  i n  an i n e f f i c i e n t  
manner before  physical  loading, e t c .  

The formation of acute 

The c l i n i c a l  p i c t u r e  of acute  card iac  def ic iency,  l i k e  acute  vascular c_ /429 
def ic iency (g rav i t a t iona l  shock, col lapse,  e t c . )  has no d i f f e rence  i n  
p r inc ip l e  from the  same s t a t e s  encountered i n  persons not  involved i n  spo r t s .  
I t  has been described i n  d e t a i l  i n  t h e  corresponding l i t e r a t u r e ,  as have 
been t h e  medical t a c t i c s  t o  be used f o r  these  s t a t e s  ( S .  G. Vaysbeyn, 
V. K. Dobrovol'skiy, A. A. Luisada and R .  M. Rosha, 1964; e t c . ) .  
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Acute physical  overs t ress  may cause e i t h e r  l oca l  o r  d i f f u s e  changes i n  
t h e  myocardium. The l i t e r a t u r e  contains descr ip t ions  of  cases of  sudden 
death as a r e s u l t  o f  physical  overs t ress  (G. P. Shul ' tsev,  1962; 
M. I .  Teodori and I<. F. Vlasov, 1963; Schmid, Hornof, Kral, 1962; e t c . ) .  

Analysis of sudden deaths  occurring as a r e s u l t  of d i seases  of t he  
in t e rna l  organs r e s u l t i n g  from physical  overs t ress ,  both among a t h l e t e s  and 
among persons not  involved i n  spor t s ,  has shown t h a t  t he  main cause of 
death i n  these  cases is  damage t o  t h e  myocardium, both t h a t  which occurs 
before  physical  loading, and t h a t  r e s u l t i n g  from t h e  overs t ress .  This is  
f a c i l i t a t e d  by a combination of physical  loading and e i t h e r  cold o r  hea t .  
Since t h i s  problem has been very poorly covered i n  t h e  l i t e r a t u r e ,  we should 
d iscuss  it f u r t h e r .  

A l l  cases of sudden death from diseases  of t h e  in t e rna l  organs among 
a t h l e t e s  can be divided i n t o  t h r e e  groups: 

1)  p a r t i c i p a t i o n  i n  spo r t s  t r a i n i n g  with undiagnosed o r  underevaluated 
d iseases ,  which are strengthened by t h e  inf luence of  t he  exerc ises  and lead 
t o  death; as  was a l ready  noted, t h e  presence of t h i s  type of d i sease  w i l l  not 
prevent t h e  s e t t i n g  of  spo r t s  records f o r  a ce r t a in  period of time, but 
sooner or la ter ,  when t h e  compensatory mechanisms a r e  exhausted, w i l l  appear 
and.may be the  reason f o r  death; 

2) i ne f f ec t ive ,  improper, excessive t r a in ing ,  causing d iseases  which 
lead t o  death; 

3) trauma t o  t h e  i n t e r n a l  organs, both manifest  and concealed, 

A s  concerns t h e  cardiovascular  system, the  f i rs t  group includes a t h l e t e s  
with hear t  defec ts ,  both unrecognized and medically underevaluated, with 
card iosc le ros is  r e s u l t i n g  from rheumatic myocardit is  o r  other  e t io logy ,  e t c .  

Analysis o f  30 cases of sudden death r e s u l t i n g  from physical  loads i n  
persons between'l3 and 32 years of age performed by G .  P.  Shul ' tsev showed 
t h a t  i n  12  cases the  reason f o r  death was an undiagnosed disease,  including 
seven cases of h e a r t  disease.  In two cases ,  the cause was ea r ly  coronary 
a therosc le ros is  with thrombosis of t h e  coronary vesse l s ,  and i n  one p a r t i a l  
o b l i t e r a t i o n  of t h e  pericardium as a r e s u l t  of e a r l i e r  rheumatic c a r d i t i s ,  i n  - /430 
th ree  cases  -- ca rd iosc l e ros i s  of var ious e t io log ie s ,  and i n  one case,  
hypertrophy of t h e  l e f t  v e n t r i c l e  of i n d e f i n i t e  e t iology.  In  th ree  of t hese  
seven cases,  t h e  autopsy revealed hypoplasia of t h e  descending branch of t h e  
ao r t a .  A s  concerns o t h e r  causes , ' i n  two cases  of sudden death, d i f f u s e  
co l lo id  g o i t e r ,  undiagnosed i n  l i f e ,  was t h e  cause, and i n  two cases  -- sta- 
t u s  thymico-lymphaticus, i n  one complete o b l i t e r a t i o n  of  t he  p l eu ra l  - c a v i t i e s  w a s  discovered, f a c i l i t a t i n g  t h e  development of acute pulmonary- 
card iac  def ic iency.  
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The second group o f  causes o f  sudden death,  d i r e c t l y  r e l a t e d  t o  t h e  
physical overload, includes pr imar i ly  so-cal led acute card iac  def ic iency,  as 
well as d i f fuse  and loca l  changes i n  the  myocardium of various or ig ins .  

Acute anatomical changes i n  t h e  hear t  appearing i n  cases of sudden death 
r e s u l t i n g  from g rea t  physical  stress vary considerably,  although they are 
uni ted by pa thologis t s  under the  term "acute card iac  deficiency." 
cases,  an autopsy.reveals  acute blood shortage i n  t h e  hea r t ,  with f u l l  blood 
supply t o  t h e  i n t e r n a l  organs. 
from paradoxical reac t ion  of t h e  coronary vesse l s ,  contract ing r a t h e r  than 
expanding. In the  l i g h t  of  contemporary concepts o f  t h e  r o l e  of catechol- 
amines i n  t h i s  type o f  case, w e  cannot exclude overexc i ta t ion  of the  
sympathetic nervous system and accumulation i n  t h e  myocardium of adrenaline- 
l i k e  materials such as noradrenaline.  A s  t he  inves t iga t ions  of Raab have 
shown (1959), t hese  materials increase the  consumption o f  oxygen by the  
hea r t  muscles t o  t h e  ex ten t  t h a t  t h e  coronary blood flow cannot supply it 
s u f f i c i e n t  1 y . 

In many 

I t  was ear l ier  thought t h a t  t h i s  r e s u l t s  

According t o  the  da t a  o f  M. Ye. Raykina (1958), adrenal ine does not 
increase the  consumption of oxygen by t h e  hea r t  muscles, but r a t h e r  decreases 
i t s  consumption, i n  s p i t e  o f  t h e  increased work. 
(decrease i n  the  content of  glycogen, increase i n  l ac t i c  ac id  and absence of  

opinion, r e s u l t  from t h e  depressing e f f e c t  of t he  adrenaline on t h e  oxidat ive 
enzymes i n  the  t i s s u e  and, consequently, r e s u l t  no t  from a def ic iency of  
oxygen, as Raab assumes, bu t  r a t h e r  from i n s u f f i c i e n t  oxygen assimilat ion.  

The formation of changes 

.formation of  ATP) when adrenal ine i s  introduced t o  the  myocardium, i n  he r  

The second group should include deaths of  a t h l e t e s  r e su l t i ng  from acute 
i n t e r s t i t i a l  myocarditis of Abramov-Fidler type, 'which, i n  the  opinion o f  
many authors,  may ar ise  upon physical loading i f  the re  are centers  of chronic 
infec t ion .  

This same group must include cases of myocardial dystrophy with physical  
overstress .  

A s  concerns loca l  changes i n  the  myocardium, we a re  concerned here  with 
necroses which are o f  coronary genesis i n  some cases (myocardial i n f a r c t ) ,  
while i n  other  cases they are noncoronarogenic. 

/431 The problem of the  p o s s i b i l i t y  of noncoronarogenic necroses of the  - 
myocardium is  of grea t  i n t e r e s t  f o r  spor t s  medicine. A t  t he  present  time, w e  
know t h a t  myocardium necroses may occur not  only as a r e s u l t  of  spasm o r  
mechanical blockage of  coronary arteries, bu t  a l so  as a r e s u l t  o f  disrupt ions 
i n  the  metabolism o f  t h e  cardiac muscle, namely changes i n  t h e  e l e c t r o l y t e  
metabolism, e f f e c t s  of  t ox ic  metabolic products,  various hormonal inf luences,  
etc.  
t h e  concept " in fa rc t  , I 1  s ince  t h e  l a t t e r  i s  always a necros is ,  whereas 
necroses are not  always t h e  r e s u l t  of in farc t ion .  
concept of  coronarogenic and noncoronarogenic myocardial necroses.  

I t  i s  obvious from t h i s  t ha t  t he  concept of "necrosis" i s  broader than 

Thus, we come t o  the  
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For t he  spo r t s  doctor ,  the  quest ion of  noncoronarogenic myocardial 
necroses i s  important, and it i s  therefore  s u i t a b l e  t o  discuss  b r i e f l y  
c e r t a i n  aspects of t h i s  problem which may arise i n  s p o r t s  medicine. 

Without d i scuss ing  t h e  general  c l a s s i f i c a t i o n  o f  noncoronarogenic 
myocardial necroses (A. E. Myasnikov, 1962), l e t  us ind ica te ,  some of  them. . 

The f irst  group of noncoronarogenic necroses i s  r e l a t e d  t o  anoxia o f  t h e  
the  card iac  muscle of  noncoronarogenic o r i g i n .  
myocardial necroses,  a r e s u l t  of  a r t e r i a l  hypoxemia. These necroses have 
been produced experimentally i n  the  pressure chamber, by carbon monoxide 
poisoning, e t c . ,  when the  s a t u r a t i o n  of a r t e r i a l  blood with oxygen i s  
s i g n i f i c a n t l y  decreased. 
physical  s t r e s s e s  which are accompanied by sharp .decreases  i n  the  sa tu ra t ion  
o f  a r t e r i a l  blood with oxygen, as well  as a t  high a l t i t u d e s  ( i n  av ia t ion ,  
alpinism). 
physical  s t r e s s .  
i t y  should cause t h e  spo r t s  doctor  t o  be more ca re fu l  concerning the  
composition of t he  red blood of  t h e  a t h l e t e s .  

They include anoxemic 

Necroses o f  t h i s  e t io logy  may a r i s e  with t h e  same 

Amenic necroses a r e  a r e s u l t  of t h e  combination of anemia with 
They have been experimentally produced, and t h i s  poss ib i l -  

Mechanical overloading of t h e  myocardium may a l s o  be a cause of t h e  
formation of myocardial necroses.  Thus, G .  P .  Shul ' t sev  has described f i v e  
cases of sudden death with physical  overs t ress  r e s u l t i n g  from hemorrhage i n  
the  card iac  muscle, c l i n i c a l l y  occurring as i n f a r c t i o n .  Four of these  
occurred during running and one during a b icyc le  race.  
hemorrhages occurred simultaneously i n  o the r  organs,  while i n  the  o thers  
small centers  of necros is  and myocardial dystrophy were discovered. The 
presence of  hemorrhaging i n  the  card iac  muscle following physical  loadings 
ind ica tes  t he  p o s s i b i l i t y  of hemorrhage i n  t h e  myocardium without a l e t h a l  
r e s u l t ,  bu t  r e s u l t i n g  i n  c i c a t r i z a t i o n ,  i . e .  ca rd iosc l e ros i s .  C l in i ca l  
observations confirm t h i s  p o s s i b i l i t y .  Cases have been described i n  which 
a t h l e t e s  have experienced chest  pains during s t r e s s  (horizontal  ba r  work, 
wres t l ing ,  vo l leybal l ,  e t c . ) ,  accompanied by changes i n  the  f i n a l  por t ion  of  
t h e  ven t r i cu la r  complex i n  the  electrocardiogram, ind ica t ing  ischemia. These 
changes were q u i t e  r ap id ly  l iqu ida ted .  This type of  change should apparently 
be evaluated as myocardial necros is ,  a r i s i n g  as a r e s u l t  o f  mechanical 
overloading -- hemorrhaging or other  necroses o f  noncoronary genesis .  
necroses lead t o  c i c a t r i c  changes i n  the  myocardium, i . e .  t o  card iosc le ros is .  
F ina l ly ,  shock necroses have been described, r e s u l t i n g  from vascular  
col lapse,  sometimes i n  a t h l e t e s .  

In  two cases ,  

/432 

These 

The second group cons i s t s  of  metabolic necroses,  a r i s i n g  due t o  disrup- 
t i o n s  i n  feeding. They may arise with a low p ro te in  d i e t ,  as a r e s u l t  of 
excess fa t  in take ,  potassium deficiency due t o  var ious causes,  or alimentary 
dystrophy. 
they a r e  combined with physical  s t r e s s .  

These d is rupt ions  i n  n u t r i t i o n  a r e  p a r t i c u l a r l y  s ign i f i can t  i f  

The group of  necroses o f  hormonal o r i g i n  is  r e l a t e d  t o  an excess of 
thyroxine,  deoxycorticosterone i n  combination with an excess of s t e r o i d  
hognones and a potassium deficiency,  as w e l l  as  d i s rup t ion  of  t he  
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r e l a t ionsh ip  of  catecholamines, e t c .  This group of  noncoronarogenic necroses 
is  o f  p a r t i c u l a r  i n t e r e s t  for spor t s  medicine, s ince  a l l  t h e  f a c t o r s  causing 
t h e i r  development occur t o  some extent  i n  spo r t s .  This i s  p a r t i c u l a r l y  t r u e  
of t h e  catecholamines and s t e r o i d s .  
more d e t a i l  below. 

We w i l l  d i s cuss  t h i s  problem i n  somewhat 

F ina l ly ,  i n fec t ious  and a l l e r g i c  myocardial necroses have been 
described. 
formation of  small necroses i n  t h e  card iac  muscle af ter  in fec t ions ,  p a r t i c -  
u l a r l y  when t r a i n i n g  is  r e s t a r t e d  too  soon. 
a l s o  of  e s s e n t i a l  s ign i f i cance  from the  s tandpoint  of  spo r t s  medicine. 

We are concerned here  i n  p a r t i c u l a r  with the  p o s s i b i l i t y  of 

These myocardial necroses a r e  

The p o s s i b i l i t y  o f  formation o f  noncoronarogenic necroses i n  a th l e t e s '  i s  
obvious, p a r t i c u l a r l y  i n  connection with t h e  usage of high t r a i n i n g  loads.  
However, t h i s  problem has not  been discussed i n  t h e  spo r t s  medical l i t e r a t u r e  
and spor t s  doc tors  are i n s u f f i c i e n t l y  familiar with it. A t  t he  same time, 
when a t h l e t e s  of  a l l  ages d i e  from various causes,  autopsy frequent ly  f inds  
considerable  c i c a t r i c  changes i n  t h e  myocardium without a the rosc l e ros i s  of 
t h e  coronary vesse l s  and with no occasions of angina p e c t o r i s  o r  myocardial 
i n f a r c t i o n  i n  t h e  medical h i s to ry .  c 

The r e l a t ionsh ip  of card iac  d i s rup t ions  t o  physical  loading is beyond 
doubt. 
myocardial i n f a r c t i o n  and physical  loading i s  placed i n  doubt, it is  obvious 
a t  t he  present  time t h a t  physical  s t r e s s  played an important r o l e  i n  the  
development of myocardial i n f a r c t  i n  one four th  t o  one t h i r d  of  a l l  h e a r t  
a t t ack  p a t i e n t s  (M. I.,Teodori and K .  F. Vlasov, 1963). Physical ove r s t r e s s  
is p a r t i c u l a r l y  s i g n i f i c a n t  i n  t h e  formation of myocardial infarct:  if the re  
is  some degree of coronary a therosc le ros is  (M. I .  Teodori and K .  F. Vlasov, 
Pat terson,  1964, e t c . ) .  Considering the  p o s s i b i l i t y  o f  ea r ly  development of  
coronary a the rosc l e ros i s  i n  young persons,  t h i s  f a c t o r  should be kept i n  
mind, p a r t i c u l a r l y  s i n c e  i n  recent  times cases o f  myocardial i n fa rc t ion  i n  
young persons have become more frequent (0. I .  Yasakova, 1959; M. A. Gur- 
vich,  1960; Z .  M. Volynskiy, P. L. Sukhinin, 1961; e t c . ) .  Whereas e a r l i e r  
myocardial i n f a r c t i o n s  i n  persons between 30 and 40 years  o f  age were 
considered c a s u i s t i c ,  we now encounter them i n  3-12.5% of  cases 
(P. Ye. Lukomskiy and Ye. M.  Tareyev, V. Ye. Nezlin, Ye. V.  Shestakova, 
P. L. Sukhinin and V. M. Dvorkina, e t c . ) .  According t o  the  da t a  of  
Yu. D. Romanov (1963), who co l l ec t ed  da ta  on 15,666 cases .o f  myocardial 
i n fa rc t ion ,  i n  0.42% t h e  age of  t h e  p a t i e n t s  was less than 30 years ,  and i n  
4.95% -- less than 40 years .  
myocardial i n f a r c t i o n  of m i l i t a r y  servicemen of t he  USA between 18 and 
39 years  o f  age ( J a t e r ,  Tram, Spring, 1948). Doubtless, i n fa rc t ions  have 
been occurring a t  younger ages, explained by t h e  f a c t  t h a t  t he  h e a r t  of 
modern man has become more vulnerable ,  s e n s i t i v e  and r eac t ive .  

Although t h e r e  are some works i n  which the  r e l a t i o n s h i p  between 

Eight hundred s i x t y - s i x  cases were described of 

In  recent  years ,  t h e  number of  acute  myocardial i n f a r c t i o n s  r e s u l t i n g  
from physical  ove r s t r e s s  i n  a t h l e t e s  has a l s o  doubt less  increased. 
S. P. Letunov (1957) observed only one case of acute  myocardial i n fa rc t ion  i n  
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a t h l e t e s  i n  15 years ,  and two cases of loca l ized  changes caused by physical  
s t r e s s  (apparently,  a l s o  myocardial i n f a r c t s ) .  

Although we do not  have p rec i se  s ta t is t ical  da ta  on t h e  frequency of  
myocardial i n f a r c t i o n  i n  a t h l e t e s ,  ana lys i s  o f  t h e  domestic l i t e r a t u r e  
(G. I .  Shul ' tsev,  1962; M. A. Gurvich, 1962, 1963; V. P.  Kobzev, 1963; 

M. I. Teodori and K. F. Vlasov, 1963; e t c . )  i nd ica t e s  an increase.  Thus, 
Y a .  P. G r i s k i n  and N.  F. Petukhov (1963) present  a case o f ,  myocardial 
i n f a r c t i o n  i n  a 21-year-old a t h l e t e ,  a r i s i n g  a f t e r  competition. V .  P. Kobzev 
descr ibes  a fatal  myocardial i n f a r c t i o n  i n  a gymnast 20 years  o f  age, 
occurring 10 min a f t e r  b a r  exerc ise .  M. A. Gurvich reported on two cases o f  
death from myocardial i n fa rc t ion :  a boy 11 years o ld  a f t e r  sk i ing  and a boy 
16 years  o ld  after playing f o o t b a l l .  The p r inc ipa l  e t i o l o g i c a l  f a c t o r  o f  
involved i n  myocardial i n f a r c t  i n  young persons,  including a t h l e t e s ,  i s  
physical  ove r s t r e s s  (A. L. Myasnikov, 1963; e t c . ) .  

Also, t h e  psychoemotional f a c t o r  is tremendously important, p a r t i c u l a r l y  
These f a c t o r s  t h e  combination o f  physical  ove r s t r e s s  with negat ive emotions. 

may be the .  cause o f  myocardial i n f a r c t  both with i n t a c t  coron'ary arteries 
and with e a r l y  coronary a the rosc l e ros i s .  
t he re  i s  no pa ra l l e l i sm between t h e  degree of coronary a the rosc l e ros i s  and 
t h e  tendency t o  myocardial i n f a r c t ,  and t h a t  one h a l f  of a l l  cases  of  
coronary a the rosc l e ros i s  involves the  so-ca l led  pa in l e s s  form (A. L .  Myas- 
nikou) . 

I t  should be kept i n  mind t h a t  

The appearance i n  recent  times of  a number of  works on myocardial /434 
i n f a r c t i o n  i n  a t h l e t e s  confirms t h e  s ign i f i cance  of  physical  ove r s t r e s s  i n  
i t s  o r i g i n .  A s  w e  know, i n  physical  l abors ,  and consequently i n  a t h l e t e s  as 
wel l ,  t he  coronary a r t e r i e s  have more c o l l a t e r a l s ,  and t h e  hea r t  muscle i s  
more r i c h l y  suppl ied with blood. 
myocardial i n f a r c t s  (A. L. Myasnikov, 1962). A t  t h e  same time, we know t h a t  
physical  a c t i v i t y  decreases t h e  content of  l i p i d s  i n  the  blood (N .  L. Kip- 
shidze,  1958; s. P. Letunov, 1962), which prevents the  development of 
coronary a the rosc l e ros i s .  Apparently, physical  a c t i v i t y ,  increasing the  
energe t ic  processes,  c r ea t e s  t he  condi t ions f o r  a more complete ass imi la t ion  
of l i p i d s  and t h e i r  decomposition t o  the  end products.  
t h e  development of hyperlipemia and c rea t e s  condi t ions which a r e  unfavorable 
f o r  t h e  development of  a the rosc l e ros i s .  

This does not f a c i l i t a t e  t he  development o f  

A l l  of t h i s  hinders  

However, excessive physical  loading causes re la t ive  def ic iency of t h e  
metabolism of t h e  myocardium and, consequently, increases  t h e  t h r e a t  of 
myocardial i n fa rc t ion ,  s ince  t h e  development of nec ro t i c  processes i n  t h e  
myocardium i s  f a c i l i t a t e d  (A. L.  Myasnikov, 1962). The p o s s i b i l i t y  of  t h e  
occurrence o f  myocardial i n f a r c t i o n . r e s u l t i n g  from neurohumoral func t iona l  
d i s rupt ions  of  morphologically unchanged coronary a r t e r i e s ,  namely extended 
spasm, is  ever more widely seen. Closed trauma of t h e  cranium, noted i n  t h e  
apamnesis of a number of  young persons with myocardial i n f a r c t  (according t o  
M. A. Gurvich, i n  9 of 70) may have some s igni f icance .  I t  i s  a l s o  impossible 
t o  exclude t h e  inf luence of n i co t ine ,  and i n  t h e  opinion of many authors ,  of 
alcohol.  Although Yu. D .  Romanov (1963) be l ieves  t h a t  i n  most cases  it is  
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impossible t o  r e l a t e  t h e  development of myocardial i n f a r c t i o n  i n  young 
persons with e a r l y  a the rosc l e ros i s ,  a number o f  authors i nd ica t e  t h a t  e a r l y  
a the rosc l e ros i s  of t h e  coronary vesse ls ,  although not c l i n i c a l l y  determined, 
has dec i s ive  s ign i f icance .  Frequently, t h e  autopsy r evea l s  one s c l e r o t i c  
patch -- t he  cause of  coronary a r t e r y  thrombosis. However, i n  t h i s  case,  
vasomotor d is rupt ions  have a s ign i f i can t  r o l e  t o  play.  

As one proof of t h e  s ign i f icance  of sharp f luc tua t ions  i n  t h e  tonus of 
una l te red  coronary.vessels  and t h e i r  spasm i n  t h e  genesis  of  myocardial 
i n f a r c t i o n  i n  young persons, t h e  fact i s  noted t h a t  i f  t h e  in fa rc t ion  is not  
s e r ious ,  coronary blood flow is rap id ly  and completely res tored .  
However, it should not  be forgot ten  t h a t  most authors  note  a more ser ious  
outcome o f  t h e  myocardial i n f a r c t i o n  i n  young persons,  although i n  general  
t h e  s p e c i f i c s  of t h e  course of  t h e  myocardial i n f a r c t i o n  i n  these  persons has 
not  y e t  been s tudied  s u f f i c i e n t l y  (A. S. Sidorovich, 1963). 

I t  i s  i n t e r e s t i n g  t o  note  t h a t  of 67 p a t i e n t s  with ca rd iac  aneurism 
a f t e r  myocardial i n f a r c t i o n  (R. N.  Lebedeva and I .  S. Kun, 1964), 11 were 
between 25 and 34 years  of  age. The formation of t he  aneurism depended on 
i n s u f f i c i e n t  f a m i l i a r i t y  of t h e  doctors  with t h e  p o s s i b i l i t y  of myocardial 
i n fa rc t ion  i n  young persons,  as well  as underevaluation of t he  s e v e r i t y  of 
t h e  condition by the  p a t i e n t s ,  r e s u l t i n g  i n  delayed hosp i t a l i za t ion ,  and 
f a i l u r e  t o  observe t h e  subsequent regimen. 

/435 - 

Thus, t h e  p o s s i b i l i t y  of formation of t h e  myocardial i n f a r c t  i n  a t h l e t e s  
i s  beyond doubt. Although it does occur q u i t e  r a r e l y ,  spo r t s  doctors  should 
be aware o f  t he  p o s s i b i l i t y ,  should be capable of diagnosing an i n f a r c t  
properly,  s ince  these  cases are r e l a t i v e l y  f requent ly  fa ta l .  

Gonsales e t  al. (1954) consider t h a t  the  normal h e a r t  with undisturbed 
blood supply and undamaged myocardium and coronary vesse l s  may s top  as a 
r e s u l t  o f  ove r s t r e s s ,  and explain t h i s  by a combination of anoxia and heavy 
physical  stress causing increased work of  t h e  h e a r t  ( c i t e d  by M .  P lo t s ,  
1961). 

F ina l ly ,  a t h i r d  group of  sudden deaths  r e s u l t i n g  from trauma of t h e  
i n t e r n a l  organs r e l a t e s  e s s e n t i a l l y  t o  t h e  competence of the  surgeons. 
However, we should note  t h e  p o s s i b i l i t y  of t raumatic  hear t  damage a f t e r  
trauma t o  the  thorax (A. L .  Vilkovysskiy, 1950; P. M. Kireyev, 1950). 

The following case i s  q u i t e  i l l u s t r a t i v e  i n  t h i s  respec t  ( S .  M. Gusman, 
A. A. I t k i n ,  K. S .  Karanov). B, 22 years o ld ,  was hosp i t a l i zed  from 3/9 
through 16/9 f o r  he lminth ias i s ,  and was examined completely and pronounced 
heal thy.  
t he  chest  by t h e  b a l l .  He was sen t  t o  t h e  hosp i t a l ,  complaining of sharp 
chest  pains ,  d izz iness  and general  weakness. Immediately a f t e r  he was s t ruck  
he l o s t  consciousness b r i e f l y .  
neck vesse ls ,  reinforcement of t he  ap ica l  t h r u s t ,  enlargement of t h e  boundary 
o f  t h e  hea r t  t o  t h e  l e f t .  The pulse  was 80-100 bea ts  per  minute, a r t e r i a l  
pressure 130/0 mm Hg. 

One week later,  while playing vo l l eyba l l ,  he was s t ruck  sharply i n  

Examination showed v i s i b l e  pulsa t ion  of  t h e  

A loud d i a s t o l i c  no ise  was heard a t  t h e  t h i r d  
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i n t e r c o s t a l  space on t h e  l e f t ,  and over t h e  femoral a r t e r i e s  a Duroziez/ 
double murmur and Traube double tone could be  heard. 
showed a negat ive T wave i n  lead I .  
t h e  l e f t  v e n t r i c l e .  
o r i g i n  was doubtless cor rec t .  

The electrocardiogram 
X-ray examination showed enlargement of 

The diagnosis  of a o r t a l  va lve  def ic iency of t raumatic  

The l i t e r a t u r e  contains descr ip t ions  of h e a r t  damage r e s u l t i n g  from ' 

nonpenetrating trauma of  t h e  thorax, and t h i s  problem should be  known t o  
spo r t s  doctors.  Thus, Uhlenbmck descr ibed a case i n  which, as a r e s u l t  of a 
s t rong blow t o  t h e  a n t e r i o r  chest  wall by a f o o t b a l l ,  t h e  intima of  t h e  
coronary a r t e r y  was separated,  r e s u l t i n g  i n  thrombosis of  t he  coronary a r t e r y  
and death. A similar case,  but  without t he  f a t a l  r e s u l t ,  was descr ibed by 
M. Y a .  Lapiner (1963). During a game, a f o o t b a l l  p layer  was s t ruck  i n  t h e  
a rea  of t h e  hea r t  by an opponent's leg,  followed by pain and acute  weakness. 
A f t e r  t h r e e  days' bedres t ,  t h e  a t h l e t e  began t o  work out again,  without having 
been examined. In  one and one-half months, he was engaged i n  crosscountry 
running, and sk i ing  up t o  20 km. 
l a t e r  showed a s c a r  i n  the  a rea  of t h e  a n t e r i o r  wall and septum. 

An electrocardiogram taken e igh t  years 

The problem of  sudden death i n  spo r t s  h a s , n o t  been s u f f i c i e n t l y  s tudied.  /436 
For some reason, it i s  bel ieved t h a t  t h e  study of  t h i s  problem could 
d i s c r e d i t  spo r t s .  
of a spec ia l  ana lys i s  a t  pathological  and anatomical conferences, while i n  
spo r t s  medicine very l i t t l e  such study i s  performed. 

A t  t he  same time, each death i n  a hosp i t a l  i s  t h e  subjec t  

These problems become q u i t e  important when middle-aged and e l d e r l y  
persons become involved i n  spor t s .  Unfortunately, competition is  he ld  i n  
these  age groups i n  which t h e  v i c to ry  i s  det'ermined by t h e  time required t o  
cover a dis tance.  
Protect ing the  Health of Elder ly  Persons (Kiev, 1964) demanded t h a t  competi- 
t i o n  involving excessive physical  and emotional s t r e s s  be forbidden f o r  
these  persons. 

I t  i s  not by chance t h a t  t he  European Symposium on 

I t  should be noted i n  f a i r n e s s  t h a t  i n  recent  t imes the  spor t s  medical 
soc ie ty  has begun t o  take  an ac t ive  i n t e r e s t  both i n  problems o f  t h e  morbid- 
i t y  of  a t h l e t e s  and i n  ana lys i s  of sudden deaths  (N. D. Grayevskaya, 1964). 

C h ron i c Ca r d  i ac  O v e r s t r e s s  

Chronic physical  ove r s t r e s s  i s  manifested i n  var ious ways i n  the  
a c t i v i t y  of  t h e  hea r t .  In  1956, S. P.  Letunov described t h e  c l i n i c a l  
p i c t u r e  of t h e  r e s u l t s  of  chronic physical  ove r s t r e s s  i n  a group o f  a t h l e t e s .  
This group was character ized by var ious complaints: pain i n  t h e  a rea  of  t h e  
h e a r t ,  " intermissions,ff  r.apid f a t igue .  Also, a number of ob jec t ive  devi- 
a t ions  were noted. Changes i n  the  electrocardiograms indica ted  both d i f f u s e  
and loca l  changes of  t h e  myocardium. 
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As f u r t h e r  inves t iga t ions  showed (A. G. Dembo e t  a l . ,  1960), s ign i f -  
i can t  changes of the  f i n a l  port ion of the  v e n t r i c u l a r  complex on the  
electrocardiogram may occur i n  a t h l e t e s  with no complaints whatsoever, so 
t h a t  t h e i r  evaluation represents  considerable d i f f i c u l t y .  

In 1962, Likoff, Segal, Dreifus described s i x  heaJthy young persons with 
such changes i n  t h e i r  electrocardiograms. 
d e t a i l e d  examination, including c a t h e t e r i z a t i o n  of t h e  hear t  and coronary 
arteriography, determining no pathology. 
Ta lbot t  published observations of 120 b icyc le  r ace r s  during a marathon race.  
i n  15 of t h e i r  subjects ,  t h e  authors discovered changes i n  t h e  e l ec t ro -  
cardiogram c h a r a c t e r i s t i c  f o r  myocardial ischemia. None of  these a th l e t e s  
had any complaints, and seemed heal thy upon examination. 
explanation f o r  these  changes. Concerning the  decrease i n  the  S-T segment' 
and the  negative T wave noted i n  the  electrocardiograms of  young persons, 

The authors sub j ected them t o  

In t h a t  same year ,  Plas and 

The authors gave no 

/437 Bollinger (1964) wr i tes  t h a t  he has no explanation f o r  the  phenomenon. - 
Proper c l i n i c a l  evaluation of e lectrocardiographic  ind ica t ions  of 

myocardial ischemia, i .e.  changes i n  t h e  f i n a l  port ion of  the v e n t r i c u l a r  
complex, is  of e s sen t i a l  s ign i f icance  a t  t h e  present t i m e  i n  spor t s  card i -  
ology. This type of change is  usua l ly  evaluated as a r e s u l t  of a d is rupt ian  
i n  t h e  coronary blood supply. 
electrocardiograms are encountered as a chance f inding among ac t ive  a t h l e t e s  
with no complaints, t he  percentage of which increases  with each passing 
year.  
electrocardiograms of  ac t ive  a t h l e t e s  (L. A. Butchenko) 0.75% had such 
curves, i n  1960 (A. G. Dembo, M. L. Proektor, R. D. Dibner, Zh. A. Teslenko) 
the  percentage was incr'eased t o  1.5-2%, and i n  1964 -- t o  8-10% (A. G. Dembo, - /438 
M. L. Proektor, Zh. .A. Teslenko). In  o ther  words, t h a t  which was once 
c a s u i s t i c  has become a problem. 

However, it has been found t h a t  these  

For example, whereas i n  1955 i n  a study of  many thousands of 

These changes have been noted i n  c l i n i c a l  examination of highly 
q u a l i f i e d  ac t ive  a t h l e t e s ,  mostly with no.comp1aint.s. Figure 117 shows the  
electrocardiogram of an ac t ive  a t h l e t e  with typ ica l  changes of t h i s  type (a) 
and a p a t i e n t  of  56 years of age, i n  our c l i n i c  suf fer ing  from a myocardial 
i n f a r c t  (b) . 

' 

Both electrocardiograms show depressed T waves with double phasing i n  
lead I ,  negative,  one-sided T waves i n  leads I1 and 111; t he  r i g h t  precordial  
lead shows an elevated S-T s e c t o r  and a negative T wave. 

These changes could j u s t i f i a b l y  be used t o  diagnose coronary def ic iency.  
However, whereas t h i s  i n t e r p r e t a t i o n  f u l l y  corresponds t o  the  c l i n i c a l  
p i c t u r e  of  t he  disease i n  the  analysis  of electrocardiogram (b),  i n  the  other  
case, s ince  it belongs t o  an ac t ive  a t h l e t e ,  a class I hockey player  of 
22 years  of  age, it is  d i f f i c u l t  t o  explain it as coronary def ic iency.  
a t h l e t e  has no hea l th  complaints and shows no deviations from the  norm i n  
c l i n i c a l  examination.. Thus, i n t e rp re t a t ion  of these electrocardiogram 
changes as a r e s u l t  o f  myocardial ischemia does not f i t  t h e  c l i n i c a l  p i c t u r e  
although, it would seem, the re  is  a formal bas i s  f o r  such a diagnosis.  

This 
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b 
I n  

F i g u r e  117. Electrocardiogram o f  Active Athlete  
G (a)  and Pa t i en t  S (b) (Explanation i n  t e x t )  

Detailed study o f  t h e  problem o f  the  o r i g i n  of  these  e lec t rocard io-  
graphic changes, based on da ta  from t h e  l i t e r a t u r e  and ana lys i s  o f  our own 
mater ia l  (about 150 electrocardiograms) has allowed some l i g h t  t o  be shed on 
t h e  genesis  of t hese  changes. F i r s t  of a l l ,  it i s  obvious t h a t  they may have 
varying o r ig ins .  
de f i c i enc ie s ,  ca rd iosc l e ros i s  of  various e t io log ie s  and pa thologica l  hyper- 
trophy of  t h e  myocardium, f requent ly  leading t o  uneven blood supply f o r  
various sec to r s  of  t h e  card iac  muscle. 

They may be manifestat ions of coronary blood supply 

F ina l ly ,  they may be a r e s u l t  of card iac  ove r s t r e s s .  C l i n i c a l  p r a c t i c e  
has long known of acute  changes ( the  hea r t  s t r a i n  syndrome). These changes 
arise i n  the  l e f t  v e n t r i c l e  with acute  n e p h r i t i s ,  when as a r e s u l t  of a 
sudden inc rease  i n  ar ter ia l  p re s su re .o f  t h e  l e f t  ventr ic1.ei . t  must overcome 
a sudden l a rge  r e s i s t ance ,  without being prepared f o r  it. 
a l s o  develop with acute  pulmonary h e a r t ,  i n  which as a r e s u i t  of embolism of 
t h e  pulmonary a r t e ry ,  t h e  pressure  i n  the  r e sp i r a to ry  c i r c u l a t i o n  increases  
sharply.. 
which i s  genera l ly  not confirmed by autopsy (I. Chernogorski, 1963). 

These changes 

These changes can r e s u l t  i n  a diagnosis  o f  myocardial i n f a r c t ,  
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I t  is n a t u r a l  t o  assume t h a t  t h e  reason f o r  changes i n  t h e  f i n a l  /439 
v e n t r i c u l a r  complex o f  t h e  electrocardiogram revealed without d i r e c t  
connection t o  physical  loading i s  chronic  card iac  ove r s t r e s s ,  a r i s i n g  as a 
r e s u l t  o f  t h e  long-term e f f e c t s  of  heavy physical  loadings,  and, conse- 
quently,  t hese  changes a r e  not  r e l a t e d  t o  d i s rup t ion  of  coronary c i r c u l a t i o n .  
Some confirmation of t h e  p o s s i b i l i t y  of formation o f  t hese  changes i n  the  
electrocardiogram as a r e s u l t  of chronic overloading of t he  l e f t  v e n t r i c l e  
can be found i n  a number o f  c l i n i c a l  observat ions of p a t i e n t s  su f fe r ing  from 
hypertension i n  which r e se rp ine  treatment and decreased a r t e r i a l  p ressure  
have r e su l t ed  i n  disappearance of t h e  e lec t rocard iographic  ind ica t ions  o f  
myocardial ischemia. 

Careful c l i n i c a l  s tudy o f  a l l  a t h l e t e s  with changes i n  the  f i n a l  por t ion  
of t h e  v e n t r i c u l a r  complex of t h e  electrocardiogram, i n  which vec to r  
cardiography can be of tremendous d iagnos t ic  s ign i f i cance ,  has confirmed t h e  
idea  t h a t  t h i s  group includes persons with 'coronary def ic iency,  with 
pathological  l e f t  v e n t r i c u l a r  hypertrophy and with ca rd iosc l e ros i s .  ,However, 
i n  most cases (SO-S5%) these  changes i n  t h e  electrocardiogram a r e  manifest-  
a t ions  of card iac  ove r s t r e s s  r e s u l t i n g  from chronic physical  overloading. 

These concepts can be i l l u s t r a t e d  by the  fs l lowing examples. 

1. Athlete  Sh, 23 years  o ld ,  master of  s p o r t s  i n  f o o t b a l l  with e igh t  
years  spo r t s  experience,  was sen t  f o r  consul ta t ion  from Odessa i n  1959..  
Since 1955, he had complained of d u l l  pains  i n  t h e  ches t ,  but  continued 
t r a i n i n g  and comp.etition. In  May of  1958, he was s t ruck  by severe chest  
pains .  Since t h i s  a t t a c k  was accompanied by nausea, the  doctors  considered 
t h a t  it was food poisoning. Although the  pains  i n  t h e  chest  increased,  t h e  

' a t h l e t e  took p a r t  i n  70 games i n  t h e  f a l l  o f  1958 and continued t r a i n i n g  
in tens ive ly .  

An electrocardiogram was f i n a l l y  taken on 17/9/1958 due t o  an increase  
i n  the  a t t acks ,  a f t e r  which the  a t h l e t e  was hospi ta l ized  (Figure 118).  Af te r  
-1 1 /2  months hosp i t a l i za t ion ,  t he  electrocardiogram (12/11/1958 and 
3/1/1959) improved. 

Af te r  r e l ease  from t h e  hosp i t a l ,  Sh once more began t r a i n i n g ,  as a 
r e s u l t  of which t h e  pa ins  re turned and he was sent  t o  Leningrad f o r  Consult- 
a t ion .  Objective examination revealed, i n  addi t ion  t o  weakening of tone I 
a t  t h e  apex, no pathological  s igns .  The r eac t ion  t o  t h e  func t iona l  test  was 
good. Blood cho le s t e r in  content was 120 mg %. X-ray examination revealed 
s l i g h t  enlargement of t h e  l e f t  v e n t r i c l e . .  The electrocardiogram (taken 
12/5/1959) showed negat ive,  .equal-sided T wave i n  leads I1 and 111, upon 
inha la t ion ,  i n  t h e  aVF lead and monopolar precord ia l  lead from V t o  Vs, a 
two-phased T wave i n  l ead  V6, depression o f  t h e  S-T segment below the  i s o l i n e  

i n  leads 11, V6, V7 and aVF. 

paradoxical r eac t ion  w a s  noted (pos i t i ve  T wave i n  leads I1 and aVF). 
electrocardiogram taken during 50 deep knee bends showed e l e c t r i c a l  

After  two minutes running i n  place,  a weak 

The 
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a l t e rna t ion  of t h e  T waves. Diagnosis: hypertension i n  the  neurogenic 
s tage ,  coronary angioneurosis (a therosclerosis  of coronary vessels  not 
excluded), angina pec to r i s .  Sh was forbidden t o  continue h i s  involvement i n  
spor t s  and extended sani tar ium treatment was recommended. 
cardiological  sanitarium and cessat ion of physical  exerc ise  improved the  
a t h l e t e ' s  hea l th ,  r e su l t i ng  i n  disappearance of  t he  pains  im t h e  chest .  
Electrocardiograms taken in  Ju ly  and August of 1959 showed elimination of  t h e  
negative T wave i n  lead I1 and the  monopolar precord ia l  lead,  replaced by a /441 
pos i t i ve ,  two-phased, then weakly pos i t i ve  recording i n  lead aVF. In  the  
fa l l ,  t h e  a t h l e t e  began working as a t r a i n e r ,  and was sometimes dis turbed by 
sudden general weakness. 
unchanged from t h a t  taken i n  August; 

Treatment i n  a 

The electrocardiogram taken on 20/11/1959 was 

These changes i n  t h e  electrocardiogram were evaluated as manifestations 
of  coronary c i r cu la t ion  def ic ienc ies  i n  the  hypertrophic l e f t  ven t r i c l e ,  
most c l ea r ly  shown i n  t h e  area of t h e  pos t e r io r  wall of t he  l e f t  v e n t r i c l e  as 
a r e s u l t  of coronary vesse l  spasm. This i s  ind ica ted  by the  typ ica l  sharp, 
equal-sided negative coronary T waves, which disappeared a f t e r  extended 
sanitarium treatment and cessat ion o f  physical  loading. The e l e c t r i c a l  
a l t e rna t ion  which occurred during performance of  50 deep knee bends can 
ind ica te  deep d is rupt ion  of  metabolic processes i n  the myocardium under , the  
influence of  disrupt ions i n  coronary c i r cu la t ion .  

/442 

2 .  Athlete M ,  22 years old,  boxer, master of spo r t s ,  has no complaints, 
feels f ine .  In  September of 1959 during c l i n i c a l  examination, X-ray s tud ie s  
showed hypertrophy of  t h e  l e f t  ven t r i c l e ,  accompanied by a s l i g h t  increase i n  
a r t e r i a l  pressure (150/75 mm Hg) and changes i n  the  electrocardiogram 
(Figure 119), namely: negat ive T waves i n  leads I ,  11, a V L  and Vg 5. In 

s p i t e  o f  a decrease i n  t r a i n i n g  in t ens i ty ,  t h e  changes i n  the  electrocardio-  
gram remained. 

Analysis of t h i s  case led  t o  t h e  conclusion t h a t  t h e  electrocardio-  
graphic da ta  should be  evaluated as  a manifestation o f  pathological 
hypertrophy of t h e  l e f t  ven t r i c l e .  

On t h e  vector cardiogram (Figure 119), t h e  t h i r d  period of development 
o f  hypertrophy of t h e  myocardium of the  l e f t  v e n t r i c l e  was determined, 
character ized by an enlargement of  t h e  QRS loops, displacement o f  t h e  T loop 
i n  t h e  coordinate system and unclosed QRS and T loops. 

3. Athlete B, 17 years  o ld ,  kayak rower, unclassed (involved i n  
t h e  spor t  f o r  two years ) .  The electrocardiogram (Figure 120) showed the  
following changes: negative T wave i n  leads 11, 111, FLVF and precordial  
leads beginning with V3. 

ca ted  absence of change. 
trophy of l e f t  ven t r i c l e ;  disrupt ions i n  repolar iza t ion  process i s  noted. 
Anamnesis indicated extended s u b f i b r i l i t y  following highmorit is  a t  age 13, 
tonsil lectomy a t  same age. Following two months bedrest ,  t h e  pa t i en t  was 

Repeated electrocardiographic  inves t iga t ion  ind i -  

Vector cardiographic d a t a  d i d  not ind ica te  hyper- 

/443 sen t  t o  the  rheumatological sanitorium with a diagnosis of  rheumatic - 
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myocardit is .  
Objectively: 
allows t h i s  case t o  be in t e rp re t ed  as myocardit ic card iosc le ros is .  

A t  age 15, s u b f i b k i l i t y  and vague pa ins  i n  t h e  j o i n t s .  
d u l l  hea r t  tones,  tone I a t  apex weaker than 11. A l l  of t h i s  

Figure 118. Electrocardiogram o f  A t h l e t e  Sh (Explana- 
t ion  i n  t e x t )  

D- 

The reason f o r  t h e  development of ca rd iosc l e ros i s  i n  a t h l e t e s  may be 
not  only myocardit is ,  bu t  a l s o  f i n e  hemorrhages, cen ters  of necros is ,  a r i s i n g  
during acute  physical  ove r s t r e s s .  
described, t h e  r o l e  of vec to r  cardiography i n  t h e  d i f f e r e n t i a l  diagnosis o f  
t h i s  type o f  condition i s  d i f f i c u l t  t o  overestimate.  

A s  we can see  from t h e  observations 
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F i g u r e  119. Electrocardiogram and Vector Cardiogram of 
A t h l e t e  V (Explanation i n  Text) 

As concerns a t h l e t e s  with card iac  ove r s t r e s s ,  it should be  emphasized 
t h a t  a t  t he  beginning of t h e  development of these  changes, they cause no 
pain,  and t h e  electrocardiographic  changes w i l l  be chance f ind ings .  
cases ,  t hese  are promising, a c t i v e  a t h l e t e s ,  who t r a i n  a g rea t  deal  and show 
exce l len t  r e s u l t s .  Unfortunately,  t h i s  last  fact has r e s u l t e d  i n  a tendency 
t o  i n t e r p r e t  t hese  changes i n  the  electrocardiogram as so-ca l led  pecul i -  
a r i t i e s  of t h e  a t h l e t e ,  and i n  many cases  the  proper s ign i f i cance  has not 
been attached t o  them. 

In most . 

Table 46 shows d a t a  on t h e  frequency of  cardiac ove r s t r e s s  i n  represent-  
aeives  of var ious types of spo r t s .  
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F i g u r e  120. Electrocardiogram and Vector Cardiogram o f  A t h l e t e  B 
(Explanat ion i n  t e x t )  

The proof t h a t  t h e  reason f o r  t he  development o f  t he  e lec t rocard io-  
graphic ind ica to r s  o f  card iac  overs t ress  i s  physical  loading l i e s  i n  t h e  
ana lys i s  of t h e  f a c t o r s  present  when the  s igns arise, t h e  disappearance of 
these  changes when physical  loading i s  ha l ted  and t h e  frequent  repeated 
occurrence of t h e  s igns  i f  t r a i n i n g  is  begun again.  

/445 - 

There a r e  t h r e e  main causes leading t o  t h e  appearance of  changes .in t he  
f i n a l  por t ion  o f  t h e  v e n t r i c u l a r  complex of  t he  electrocardiogram as a r e s u l t  
of chronic physical  ove r s t r e s s :  

1) extreme t r a i n i n g  and'competition loads,  not corresponding t o  the  
c a p a b i l i t i e s  o f  t h e  a t h l e t e  ( t h i s  l a t te r  f a c t o r  i s  most important);  

2) in tens ive ,  but  not  excessive physical  loading i f  improperly organ- 
ized,  i .e .  a l so  ac t ing  on an organism not prepared f o r  it; 

3) in tens ive ,  but no t ' excess ive  loading combined with in tens ive  work or 
study or if performed during or soon after any type of d i sease  (gr ip ,  
angina, e t c .  ) . 

The presence i n  a t h l e t e s  of centers  o f  chronic in fec t ion  (chronic 
t o n s i l l i t i s ,  c h o l e c y s t i t i s ,  denta l  c a r i e s ,  e t c . )  a i d s  i n  t h e  formation o f  
card iac  overs t ress  i n  a l l  t h r e e  cases.  
t he  following examples. 

The first f a c t o r  i s  i l l u s t r a t e d  by 
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T A B L E  46. D I S T R I B U T I O N  OF A T H L E T E S  W I T H  CARDIAC OVERSTRESS 
BY T Y P E  OF SPORTS 

sports 

. . . . - . - 

as ketb all 
..-. . 

T& of sports 

- 

Motor racing 
;Sports g y n a s t i c s  
,Weight ilting - 
Fencing, 
Boxin 
WrestEng 
s wim-mine; 
 light athletics 
Other types 

. -  ~ - -  - 

T r .  Note: Commas indica te  decimal p o i n t s .  

1. Athlete  Zh, 2 1  years o ld ,  c l i n i c a l l y  examined at  the  Leningrad 
Medical-Physical Culture Dispensary a f t e r  very in t ens ive  physical  loading. 
No deviat ions i n  the  s t a t e  of hea l th  determined by d e t a i l e d  c l i n i c a l  
examination. The electrocardiogram (Figure 121) shows c i e a r  changes -- com- 
pression of t h e  TI and T I I  waves, changes i n  t h e  T wave i n  leads V 

t h ree  days of  complete r e s t ,  complete normalization of  electrocardiogram 
was noted. 

Af t e r  3-6' 

2 .  Football  p layer ,  master of spo r t s  K ,  23 years  old.  In J u l y  o f  1960, 
electrocardiogram q u i t e  normal (Figure 122). In November of t he  same year ,  
i . e .  after an in t ens ive  season, t h e  electrocardiogram shows: negat ive T wave 
i n  leads I ,  11, 111, aVF, V5 and V6, two-phased T wave i n  aVL lead and 

p o s i t i v e  T wave i n  aVR lead ,  i . e .  changes occurred on t h e  p o s t e r i o r  l a t e r a l  
w a l l .  

3.  Athlete  L,  16 years  old.  Talented t enn i s  p layer ,  played i n  adu l t  
team. The electrocardiogram of 4/5 (Figure 123) shows changes ind ica t ing  
damage t o  a n t e r i o r  l a t e r a l  and p o s t e r i o r  wall of l e f t  v e n t r i c l e ,  namely 
smoothed T wave i n  lead I ,  depression. of S-T i n t e r v a l  below i s o l i n e  and f la t  
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T wave i n  leads 11, aVF and V6, negat ive T wave i n  leads I11 and V 
3 and 5' 

After complete rest, electrocardiogram is  normalized (14/2/1962). Unfortun- 
a t e ly ,  t he  a t h l e t e  began t r a i n i n g  again before  permission was granted, and 
changes on electrocardiogram reappeared (17/11/1962). 

c 

Figure  121. Electrocardio- F i g u r e  122. E l  e c t  rocard iog ram 
gram of A t h l e t e  Z h  (Explana- of A t h l e t e  , (Explanation i n  

The following examples i l l u s t r a t e  t h e  second cause of ove r s t r e s s  syndrome. 
Gymnast f irst  c l a s s  M, 28 years  old.  Healthy, with normal e l ec t ro -  

cardiogram, t r ave led  t o  a lp ine  camp and t r a ined  in t ens ive ly  as a mohntain 
s k i e r .  After  t h i s  t r a i n i n g ,  t h e  electrocardiogram showed changes ind ica t ing  
card iac  overs t ress :  

t ion i n  Text) Text ) 

T wave smoothed i n  leads I and V6, negat ive i n  leads 11, 
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111, aVF and V3-4, two-phased i n  lead  V5 (30/3/1962). 

a n t e r i o r  and p o s t e r i o r  lateral  w a l l .  
ized (6/7/1962) and t h e  a t h l e t e  re turned t o  t r a i n i n g  as a gymnast 
(Figure 124).  

This ind ica tes  damaged - /448 

After rest, electrocardiogram normal- 

I 

II 

m 
Ur/R 

a d  

F i g u r e  123. Electrocardiogram o f  A t h l e t e  L 
(Explanation i n  Text) 

An example of  the'combination o f  loading with in fec t ion  is t h e  e l ec t ro -  
cardiogram of wres t l e r  T ,  17 years old.  
running a high temperature (g r ip ) .  The electrocardiogTam (Figure 125) 
shows changes i n  the  a n t e r i o r  s e p t a l  area, a decrease i n  t h e  T wave i n  
lepds 11,  Vd-,-, an i s o e l e c t r i c  T wave i n  leads  I and aVL and negat ive T wave 

He began t r a i n i n g  two days a f t e r  

7 -  

i n  leads V (17/3/1962). Af te r  t r a i n i n g  was ha l t ed ,  t h e  electrocardiogram 
was normalized (15/3/1962). 

293 
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Figure 124. E l  

. . . . . .  p;,. . . . . . . . .  ..:I 
. ,  

........... 

n'/.'L 1,. . .!L. . . . .  1 
.............. 

C/!.'f C' . . ,  1, 
be'' ' ' - -. 

trocardiogram Figure 125. Elec rocard ioq rc ... 
of A t h l e t e  M (Explanation i n  o f -Ath le t e  T (Explanation i n  

Text) t ex t )  

The study o f  t he  t r ends  i n  t h e  development of  the  electrocardiographic  
changes i n  chronic card iac  ove r s t r e s s  has allowed us t o  e s t a b l i s h  th ree  
s tages  o f  t h e i r  development, occurring var ious ly  depending on t h e  loca l i za -  
t i o n  (Figure 126). 

The first row across  t h e  diagram shows the  normal electrocardiogram. If 
changes occur i n  lead  I ,  f i rs t  of  a l l  t h e  T wave i s  depressed o r  dual ized,  
followed by a depression i n  t h e  S-T i n t e r v a l ,  t h e  T wave becomes two-phased, 
and subsequently negative.  In  leads I11 and aVF, t h e  T wave becomes 
i s o e l e c t r i c  o r  depressed, then t h e  S-T i n t e r v a l  i s  depressed, and t h e  T wave 
becomes two-phased and then i s o e l e c t r i c .  

/449 - 

In leads V2 3 ,  first  t h e  S-T - 
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i n t e r v a l  i s  elevated,  t h e  T wave i s  dual ized,  then becomes two-phased and 
negative.  
analogous t o  t h e  changes i n  leads I and 11.  

As concerns t h e  l e f t  precord ia l  l eads ,  t h e  changes here  a r e  

. .  

Leads 7 
,I and II'? 

_. . -. 

A/-.- 
.- - 

- ._. . . . 

. .  - . 

Leads 
I11 and aVF 

. -  . .. - 

J <'-- ---_ I\,--.,-- 

. . . . - . . - . .. 

-4-v 

. . -  

Precordial leads . .., .. 

Figure  126. Diagram o f  Deve 
Electrocardiogram During Car 

. - . . . - . 

L 
opment o f  Changes i n  

- i ac  Overstress  Syndroi 

.The changes i n  var ious leads a r e  f requent ly  combined, then t h e i r  
development passes through t h e  th ree  s tages  j u s t  described var iously.  
f requent ly  i n  an i d e n t i c a l  percentage o f  cases (46%) these  changes a r e  
encountered on the  p o s t e r i o r  and a n t e r i o r  walls, l e s s  f requent ly  (5%) they 
a r e  loca l ized  only i n  t h e  septum: 
cases .  

/450 
Most 

t o t a l  changes a r e  encountered i n  3% of 

The following f i g u r e  (Figure 127) shows t h e  na ture  o f  the  changes and 
pa ths  of  t h e i r  development. If t h e  primary changes a r e  noted i n  the  pos te r -  
i o r  wall (a ) ,  usua l ly  t h e  next a r e a  involved is  t h e  a n t e r i o r  l a t e r a l  wall, 
followed by t h e  septum. If t h e  first damage is loca ted  on t h e  a n t e r i o r  w a l l  
(b) ,  changes then occur i n  t h e  la teral  wal l .  If t h e  f irst  changes a r e  noted 
i n  t h e  septum ( c ) ,  they a r e  next  noted i n  t h e  l e f t  precord ia l  leads and 
encompass a l l  segments of  t he  hea r t .  The f i n a l  s t age  o f  t hese  changes, i . e .  
t o t a l  changes, is  shown on Figure 127, c. 

/451 - 
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F i g u r e  127. Diagram of Development o f  Changes i n  t h e  
Electrocardiogram w i t h  Cardiac Overstress  Syndrome As 
a Function of  Local izat ion.  a ,  W i t h  primary damage i n  

area o f  rear  wall 

These a r e  the  types and s tages  of e lectrocardiographic  changes char- 
a c t e r i s t i c  f o r  t h e  chronic  card iac  ove r s t r e s s  syndrome. Thei r  establishment /452 
has both t h e o r e t i c a l  and g rea t  p r a c t i c a l  s ign i f icance .  We speak here  o f  t h e  
importance and necess i ty  of diagnosing t h e  ea r ly  s tages  of chronic over- 
s t r e s s ,  i . e .  proper i n t e r p r e t a t i o n  of e lec t rocard iographic  changes, t o  which 
i n s u f f i c i e n t  a t t e n t i o n  has y e t  been turned. Also, e a r l y  diagnosis of t hese  
changes, t h e i r  proper  evaluat ion and appl ica t ion  of t h e  corresponding s t eps  
a r e  of dec is ive  s ign i f i cance  i n  t h e i r  l i qu ida t ion  and maintenance of spo r t s  
performance a b i l i t y .  I f  i n s u f f i c i e n t  a t t e n t i o n  i s  turned t o  these  changes, 
as w i l l  be shown below, complete disengagement from spor t s  must r e s u l t .  
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F i g u r e  127. Diagram o f  Development o f  Chang.es i n  t h e  
Electrocardiogram w i t h  Cardiac Overstress Syndrome A s  a 
Function of Localization. b, W i t h  primary damage i n  

a rea  o f  an te r io r  wall 

The p r inc ipa l  f a c t o r  i n  normalization of t he  electrocardiogram i s  
complete cessat ion of exercise  with physical  loads and s u f f i c i e n t  durat ion of 
t h i s  in te r rupt ion .  The earlier t h e  card iac  overs t ress  i s  diagnosed, t h e  less 
the  i n i t i a l  changes and t h e  b e t t e r ,  more rap id ly  and more completely t h e  
normalization of t h e  electrocardiogram occurs,  and most important, t he  more 
s t a b l e  i s  t h i s  normalization. In  most cases ,  normalization i s  achieved, bu t  
t he  time required f o r  t h i s  normalization t o  occur is measured i n  weeks or 
months. This is  t h e  b e s t  v a r i a n t  o f , t h e  r e s u l t  of the  overs t ress  syndrome. 

Thus, it i s  obvious t h a t  when t h e  above-noted changes are observed i n  
acpive a t h l e t e s ,  i n  s p i t e  o f  t h e  fact  t h a t  t he  a t h l e t e  has  no complaints and 
is  s e t t i n g  records, '  it is  necessary t o  h a l t  t r a i n i n g  completely. Experience 
has shown t h a t  a p a r t i a l  cessa t ion  of t r a i n i n g  i s  not  e f f ec t ive  -- de te r io r -  
a t ion  unavoidably r e s u l t s .  Complete cessat ion of t r a i n i n g  usua l ly  leads t o  
normalization of t h e  electrocardiogram, and resumption of  t r a i n i n g  can only 
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be considered after complete normalization. 
incomplete normalization always causes de t e r io ra t ion .  
resumed q u i t r e  ca re fu l ly ,  and t h e  load l eve l  should be increased gradual ly  
under ca re fu l  medical observation and electrocardiographic  cont ro l .  
these  s t eps  are taken, i n  a s i g n i f i c a n t  por t ion  of cases t h e  normal e l ec t ro -  
cardiogram can be re ta ined  while increasing t h e  i n t e n s i t y  of t r a i n i n g  loads,  
i . e .  complete spo r t s  performance a b i l i t y  can be maintained. 

Resumption of t r a i n i n g  with 
Training should be 

When 

I ,Septal area ......... ?. . . .  .- . . . . . . . . .  
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F i g u r e  127. Diagram of Development o f  Changes i n  Electro- 
cardiogram w i t h  Cardiac Overstress Syndrome As a Function 
of Localization. c,  W i t h  f i r s t  damage i n  area of septum 

Athlete  V, 33 years  o ld ,  master of  sports i n  canoeing. 
ience 15 years. 
combining rowing with running. 
uing in tens ive  t r a in ing ,  he f a i l e d  t o  observe h i s  r e s t  regimen. A staged, 
hypotensive reac t ion  t o  loading was noted, along with a s l i g h t  increase i n  
a r t e r i a l  pressure (130/80 mm Hg). 
tones,  moderate hypertrophy of  t h e  l e f t  ven t r i c l e .  

Sports exper- 
During t h e  summer of 1960., he t r a ined  q u i t e  in tens ive ly ,  

During a pre-Olympic contes t ,  while contin- 

Objectively -- some dul lness  of t he  hea r t  
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The electrocardiogram taken i n  February o f  1960 showed no deviat ions 
from the  norm; i n  J u l y  of  1960, during in t ens ive  t r a i n i n g  before the  Olympic 
Games, negat ive T waves were noted i n  t h e  aVF lead ,  along with displacement 
of t he  S-T segment above the  i s o l i n e  i n  leads V2-5 with t r a n s i t i o n  t o  
negat ive T wave. Three t o  fou r  weeks a f t e r  i n t e r rup t ion  o f  t r a i n i n g ,  
normalization of  t he  electrocardiogram was noted. Af t e r  1 1 / 2  months, V 
resumed t r a in ing ,  and according t o  t h e  information ava i l ab le ,  h i s  e l ec t ro -  /453 
cardiogram is  s t i l l  normal. 
ness  of t h e  i n t e r p r e t a t i o n  of  t h e  electrocardiographic  changes as ove r s t r e s s  
o f  t he  l e f t  v e n t r i c l e .  

- 
Vector cardiographic da t a  confirm t h e  cor rec t -  

The improper understanding of  t h e  s ign i f i cance  o f  these  changes and 
f a i l u r e  t o  t a k e  t imely s t e p s  t o  cor rec t  them unavoidably lead t o  progressive 
worsening of t hese  changes and th rea t en  t h e  capac i ty  t o  reverse  them. 

A second poss ib l e  r e s u l t  is  normalization a f t e r  cessat ion of t r a i n i n g ,  
but  unavoidable reappearance of  changes when physical  loading i s  resumed. 

Athlete  K ,  master of  spo r t s  i n  f o o t b a l l ,  22 years  old.  Sports exper- 
ience e ight  years .  No complaints, f e e l s  f i n e .  In  the  pas t ,  he had 
s c a r l e t i n a ,  inflammation of t he  middle e a r  ( recur r ing  each year from t h r e e  t o  
twelve years ) ,  angina. During the  l a s t  year  he has twice suf fered  from 
angina (January and August) but  paid no a t t e n t i o n  t o  i t  and continued 
t r a in ing .  Object ively:  d u l l  hea r t  tones,  i n c l i n a t i o n  t o  increased a r t e r i a l  
pressure ( t o  150/90 mm Hg). Fundus o c u l i  shows moderate degree of cons t r i c -  
t i o n  of r e t i n a l  vesse ls ;  denta l  c a r i e s .  X-ray examination shows moderate 
hypertrophy of 1 e f t . v e n t r i c l e .  In February of  1960, overtraining occurred, 
during which changes appeared i n  the  electrocardiogram, which had been normal 
up t o  t h a t  time (Figure 128). We can see  depression o f  t h e  T wave i n  lead I ,  
two-phased T wave i n  leads 11, 111, aVF and a V L ,  negat ive T wave i n  V4 and V6 

leads.  Training was ha l t ed .  The electrocardiogram taken i n  May of 1960 
shows improvement, while i n  Ju ly  complete normalization i s  noted. The 
a t h l e t e  resumed t r a i n i n g  t h a t  summer without permission of t h e  doctor .  
Electrocardiographic  inves t iga t ion  a t  t he  end of t h e  spo r t s  season 
(September 1960). once more showed changes i n  t h e  electrocardiogram similar t o  
those noted i n  February. 

In these  cases ,  t h e  changes i n  t h e  myocardium do not  r e t a i n  t h e i r  
completely r eve r s ib l e  na ture ,  s ince  they a r e  more marked than i n  t h e  f i r s t  
case, apparently as a r e s u l t  of  t h e i r  delayed discovery.  

Therefore, i n  t he  second va r i an t  of t h e  r e s u l t ,  w e  must f irst  of a l l  
increase  the  r e s t  time, and the  a t h l e t e  should resume the  t r a i n i n g  process 
gradual ly .  I f ,  i n  s p i t e  of t h i s ,  t he  changes i n  t h e  electrocardiogram 
re tu rn ,  involvement i n  s p o r t s  must be  forbidden and physical  cu l tu re  must be  
continued under carefu l  medical observation. 

The same dec is ion  should be made i n  those  cases  when t h e  e lec t rocard io-  
graphic changes do not  disappear,  i n  s p i t e  o f  complete'and extended cessa t ion  
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of t r a in ing .  In these  cases ,  we are involved with the  t r a n s i t i o n  of what 
were revers ib le  changes i n  t h e  myocardium i n t o  i r r e v e r s i b l e  changes. The 
absence of p o s i t i v e  dynamics of the  electrocardiogram general ly  occurs with a 
combination of  cardiac overs t ress  and pathological  hypertrophy of the  l e f t  
ven t r i c l e .  This combination i s  observed i n  approximately 20% o f  the  cases of 
chronic cardiac overs t ress .  

I 
i' 

Figure 128. Electrocardiogram o f  A t h l e t e  K.  
Explanation i n  t ex t .  

I t  i s  obvious a t  t h e  present  time t h a t  f a i l u r e  t o  take the proper 
measures and continuation of t r a in ing  with the  overs t ress  syndrome unavoid- 
ably leads t o  s t a b l e  changes i n  the  myocardium, gradual appearance of a 
number of complaints and l a t e r  t o  the development of c i rcu la tory  deficiency. 
A l l  of t h i s ,  considering the  increase i n  the  number of cases o f  overs t ress  
syndrome i n  a th l e t e s ,  requi res  proper and ea r ly  diagnosis by the  doctor and 
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forb ids  a ca re l e s s  a t t i t u d e  toward these  changes, based on t h e  absence of 
complaints and the  achievement of high 
these  a t h l e t e s .  

- 

s p o r t s  r e s u l t s ,  o f t en  a t t a i n e d  by  

Figure 129. Normalization of Pathological ly  Changed 
Electrocardiogram After  Two Minutes Run. a ,  Before 

loading; b,  a f t e r  loading. Explanation i n  t ex t .  

I t  should be kept i n  mind t h a t  under the  inf luence o f  physical  loading, 
changes i n  t h e  electrocardiogram of t h e  ove r s t r e s s  syndrome type frequent ly  
can be normalized. For example, Figure 129 shows t h a t  a two-minute run i n  
p lace  a t  180 s t eps  pe r  minute l i q u i d a t e s  t h e  changes i n  t h e  e lec t rocard io-  
gram. 

S imi la r  changes i n  t h e  electrocardiogram, i .e .  normalization i n  a t h l e t e s  
w i th . ca rd iac  ove r s t r e s s  syndrome, occur when t h e  hypqxemic t e s t  is run 
(Figure 1'29). A t  t h e  same time, a t h l e t e s  with normal electrocardiograms 

l eve l  o f  ar ter ia l  blood 
sa tu ra t ion  with oxygen i s  reduced to '60-70% of t h e  norm. 
both physical loading and a decrease i n  t h e  oxygen content o f  ar ter ia l  blood 
i n  a t h l e t e s  with changes o f  t he  electrocardiogram w i l l  produce a paradoxical 
reac t ion ,  i . e .  normalization of t h e  electrocardiogram. This paradoxical 
reac t ion ,  i n  our opinion, should be looked upon as unfavorable. I t  i n d i c a t e s  
t he  appearance of o t h e r  changes i n  t h e  myocardium which, i n  combination with 

/456 general ly  show c e r t a i n  negat ive changes when the  - 
In  o the r  words, 
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the  primary changes, n e u t r a l i z e  them and r e s u l t  i n  apparent normalization of 
t he  electrocardiogram. The f a c t  o f  normalization upon appearance of a 
second pathological  cen ter  i n  t h e  myocardium i s  well known i n  c l i n i c a l  
p rac t i ce  (M. B .  Tartakovskiy, M. G.  Udel'nov, Chernogorski and Dushek, e t c . ) .  

For example, a p a t i e n t  suffer ing from acute  i n f a r c t - o f  t he  a n t e r i o r  w a l l  
may show complete normalization o f  t h e  electrocardiogram after in fa rc t ion  o f  
the  pos t e r io r  wall. Four such cases have been described by Chernogorski and 
Dushek (1963). With an i n f a r c t  of  t h e  pos t e r io r  w a l l ,  t h e  e lectrocardio-  
graphic changes were re l ieved  by inc ip ien t  embolism o f  t h e  pulmonary a r t e r y  
(Chernogorski and Dushek). Some authors (Evans, 1961) ca l l  these  changes 
with repeated in fa rc t ion ,  which g rea t ly  hinder diagnosis ,  t h e  "richochet 
effect ," or "cardiographic richochet . I 1  

f o r  t h i s  type o f  change i n  t h e  electrocardiograms o f  heal thy,  ac t ive  
a t h l e t e s ,  who have no pain.  

The question arises 'as t o  t h e  reasons 

F i r s t  o f  a l l ,  t h i s  once more confirms the  not ion t h a t  t h e  t r a n s i t i o n  
from physiological t o  pathological spor t s  hea r t ,  i n  t he  terminology o f  
G .  F. Lang, occurs unnoticed. A s  concerns t h e  genesis  of these  changes, 
they can hardly be r e l a t e d  t o  coronary c i r cu la to ry  deficiency. 

I t  must be s t a t e d  t h a t  recent  works have e s s e n t i a l l y  changed the  cur ren t  
conception of t h e  obl iga tory  s igni f icance  of changes i n  coronary blood flow 
i n  the  genesis of changes i n  t h e  myocardium. 
chemistry of t he  myocardium has shown t h a t  a number of concepts formulated i n  
cardiology without knowledge of t he  p r inc ipa l  biochemical r e g u l a r i t i e s  of  t h e  
cardiac muscle requi re  re-examination. 
p o s s i b i l i t y  of  t he  development of  noncoronarogenic myocardial necroses. 
f a i rnes s ,  it should be noted t h a t  as long ago as t h e  1930's; leading domestic 
c l i n i c i s t s ,  t he  founders of t h e  Soviet therapeut ic  school, G.  F. Lang and 
N.  D.  Strazhesko c l e a r l y  understood the  s ign i f icance  of  biochemistry i n  t h e  
so lu t ion  of t h e  problem of muscular hear t  damage. G .  F. Lang wrote i n  1936: 
I ! . . .  i n  t h e  a rea  o f  d i seases  of t h e  myocardium, we should s top  attempting t o  
f ind  a morphological subs t r a t e  f o r  funct ional  changes of t he  card iac  muscle, 

times concerning the  biochemistry of t he  myocardium and i t s  s igni f icance ,  and 
the  evaluat ion o f  i t s  condition both by Soviet  and by fore ign  authors 
(V. N .  Vinogradov, A. L .  Myasnikov, M. G .  Udel'nov, Raab, Lenzi, Hegglin, 
e t c . )  provide clear confirmation of  t h e  correctness  of  t h i s  i nves t iga t ive  
t rend,  suggested 25 years ago by G .  F. Lang. 

The development of  the  bio- 

We have already mentioned the  
In 

/457 and begin seeking a biochemical subs t ra te . "  The da ta  produced i n  recent  - 

In t h i s  chapter ,  it i s  impossible to . i l l umina te  t h e  cur ren t  state of  t h e  

We can d iscuss  only a few o f  t h e  p r inc ipa l  po in ts ,  
problem of the  biochemistry of the  myocardium. 
spec ia l ized  problem. 
without an understanding of which it is  impossible t o  evaluate  changes i n  t h e  
card iac  muscle properly.  

This i s  a la rge ,  complex and 

F i r s t  of  a l l ,  we must study not only t h e  biochemistry o f  t he  myocardium, 
but t he  a c t i v i t y  of  t h e  regulatory mechanisms con t ro l l i ng  t h e  var ious 
d i r ec t ions  of t h e  biochemical processes.  I t  is obvious a t  t he  present time 
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t h a t  t he  metabolism o f  t h e  card iac  muscle can change i n  various d i rec t ions  
under the  inf luence of  t h e  nervous system. 
l a t i n g  nerve causes an increase i n  the  force  o f  card iac  contract ions without 
a simultaneous increase  i n  coronary blood supply, by d i r e c t l y  increasing t h e  
t roph ica l  system. 

A s  w e  know, t h e  Pavlov stimu- 

Disruptions i n  metabolism i n  the  myocardium may r e s u l t  from two 
pr inc ipa l  causes. These are f irst  of a l l  overloading of t he  myocardium, i . e .  
primary myocardial damage, during which metabolic processes i n  the  cardiac 
muscle are disrupted.  With f u r t h e r  development o f  t h i s  process,  general  
disrupt ions i n  metabolism occur. 
with general  d i s rupt ion  of metabolism i n  t h e  organism, p r inc ipa l ly  i n  the  
enzyme systems. 

The myocardium may be damaged secondari ly  

The pathology of  metabolism i n  t h e  myocardium i s  p a r t i c u l a r l y  important 
among a l l  d i s rupt ions  of  metabolism, s ince  i n  t h e  o the r  organs loading beyond 
permissible l i m i t s  does not  play the  important r o l e  t h a t  it does f o r  t he  
myocardium. 
a r i s i n g  during overs t ress  capable o f  worsening the  blood supply t o  the  e n t i r e  
organism and thereby worsening the  metabolic d i s rupt ion  i t s e l f .  

In no o the r  organ but t he  hea r t  are t h e  compensatory mechanisms 

These a re  a f e w  of  t h e  general  po in ts  involved i n  t h e  contemporary 
approach t o  evaluat ion of  var ious changes i n  the  card iac  muscle. As concerns 
problems of biochemistry d i r e c t l y ,  w e  should note  q u i t e  b r i e f l y  the  s i g n i f -  
icance o f  t h ree  elements i n  myocardial metabolism: t h e  neural  hormones of 
t h e  sympathetic and parasympathetic nervous systems, e l e c t r o l y t e  equilibrium 
and t h e  hormones i n  the  suprarenal  cor tex.  

Normal functioning of the  myocardium requi res  equilibrium between the  
neurohormones of  t h e  sympathetic (adrenaline and noradrenaline -- the  
so-ca l led  adrenosympathetic catecholamines) and parasympathetic (acetyl - 
chol in)  systems. 
genesis of funct ional  and degenerative hear t  d i seases .  Thus, when the  leve l  /458 
of adrenosympathetic catecholamines increases  excessively,  beyond the  
compensation of t h e  ace ty lchol in ,  they a c t  as tox ic  agents,  causing hypoxia 
of  t h e  myocardium, extending as far  as disseminated necroses o f  the  myo- 
cardium, p r inc ipa l ly  i n  t h e  pap i l l a ry  muscles and i n  t h e  and i n  the  subendo- 
ca rd ia l  l aye r  of t h e  myocardium (Raab, 1959). 

Disruption of t h i s  equilibrium i s  dec is ive  i n  the  patho- 

This i s  used at the  present time t o  explain c e r t a i n  cases  of sudden 
death o f  heal thy young persons a f te r  extreme physical  o r  emotional stress, i n  
cases where autopsy reveals no morphological changes i n  the myocardium. 
Earlier,  these  cases were explained by coronary vessel spasm. A t  t he  present  
time, it has been proven t h a t  t he , r eason  cons is t s  i n  t h e  accumulation of  
adrenosympathetic catecholamines. Acetylcholin i s  an tagonis t ic  t o  these  
substances and increases  the effect iveness  of the  work of t he  hea r t .  

How does t h i s  concern t h e  changes i n  the  hea r t s  o f  a th l e t e s?  I t  has 
long been es tab l i shed  t h a t  both mental and physical  stress r e s u l t  i n  
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increased adrenal ine i n  t h e  blood. This is  evaluated as a manifestation of 
s t imulat ion and adaptat ion t o  t h e  increased work no t  only of  t h e  s k e l e t a l  
musculature and hea r t  muscles, but of o ther  organs and systems o f  t he  
organism. 

Physical ove r s t r e s s  may cause so g rea t  an increase  i n  adrenosympathetic 
catecholamines t h a t  myocardial necroses occur.  
i s  t h e  explanation f o r  t h e  discovery of c i c a t r i c  changes o f  t h e  myocardium i n  
a t h l e t e s  who have died from other  causes, while t h e  anamnesis shows no 
ind ica t ion  of  myocardial i n f a r c t i o n  o r  angina pec to r i s .  

An excess of adrenosympathetic catecholamines, which has a t ox ic  e f f e c t  

I t  is  poss ib le  t h a t  t h i s  

on t h e  card iac  muscle, can be determined by t h e  quan t i ty  of  chol inergic  
neurohormones. 
sympathetic neurohormones capable of having a t o x i c  e f f e c t  on the  card iac  
muscle. As we know, systematic  spo r t s  t r a i n i n g  c rea t e s  a predominance of  
vagus chol inerg ic  inf luences.  
chol inerg ic  inf luences adapts t h e  hear t  t o  increased a c t i v i t y  of  t he  sympa- 
t h e t i c  system. 'However, i f  physical  exerc ises  a re  excessive and t h e  #- 

organism i s  not prepared f o r  them, t h e  adrenosympathetic catecholamines may 
have a t o x i c  e f f e c t  on t h e  card iac  muscle, as a r e s u l t  of t he  inadequate 
chol inerg ic  inf luences.  

The g r e a t e r  t h i s  quant i ty ,  t h e  less t h e  quant i ty  of adreno- 

The graduaTly developed predominance of 

I t  can be thought t h a t  t h e  Capabi l i t i es  of  any h e a r t ,  including t h e  
spo r t s  h e a r t ,  a r e  determined by t h e  l eve l  of chol inerg ic  inf luences,  which 
systematical ly  increase  with proper and e f f e c t i v e  t r a i n i n g  and a r e  capable of 
r e t a in ing  equilibrium with t h e  adrenosympathetic catecholamines, t h e  quant i ty  
of which i s  determined by t h e  i n t e n s i t y  of  t he  physical  s t r e s s .  

chol inerg ic  inf luences,  which manifests i t se l f  e i t h e r  as reinforced l i b e r -  
a t ion  of ace ty lchol in  by t h e  endings of t h e  vagus nerve,  o r  by an increase i n  
t h e  reserves  of  proacetylchol in  i n  t h e  myocardium, o r  by an increase i n  t h e  
inf luence of  enzymes on ace ty lchol in  metabolism. 

In o the r  
/459 words, t h e  c a p a b i l i t i e s  of  t h e  hea r t  are determined by predominance of - 

It  i s  poss ib le  t h a t  t he  changes i n  t h e  electrocardiogram described above 
r e f l e c t  a noncorrespondence between the  quant i ty  of adrenosympathetic 
catecholamines r e s u l t i n g  from g rea t  physical  loads and t h e  quant i ty  of 
ace ty lchol in ,  i n s u f f i c i e n t  f o r  maintenance of  equilibrium, due t o  t he  f a i l u r e  
t o  achieve the  corresponding l eve l  o f  t r a i n i n g ,  which would provide s u f f i -  
c i e n t l y  powerful vagus chol inerg ic  influence.  

The t r a ined  hear t  i n  t h e  fore ign  l i t e r a t u r e  i s  contrasted t o  t h e  
detrained h e a r t ,  which i s  commonly ca l l ed  the  "busy l o a f e r ' s  hear t ."  
means t h e  hear t  of modern man, occupied pr imari ly  with mental labor ,  not 
involved i n  physical  c u l t u r e  o r  spo r t s  (V. Raab, 1959, e t c . ) .  

This 

O f  no l e s s  s ign i f icance  i n  t h e  formation o f  changes i n  the  heal thy hea r t  
i s  the  r e l a t ionsh ip  of t h e  potassium and sodium ions,  which have an important 
r o l e  t o  play i n  t h e  con t r ac t ive  a c t i v i t y  of t h e  myocardium. 
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Speaking of t h e  s ign i f icance  of t he  r e l a t ionsh ip  of  e l ec t ro ly t e s  i n  t h e  
metabolism o f  t h e  myocardium, w e  can recal l  t h e  experiments of  M. G. Udel'nov 
who, by applying a segment o f  nec ro t i c  t i s s u e  t o  an undamaged myocardium, 
produced an electrocardiogram typ ica l  f o r  myocardial i n f a r c t .  I t  was found 
t h a t  t h e  e s sen t i a l  element was t h e  disrupted r e l a t ionsh ip  of potassium and 
sodium created i n  the  heal thy muscular t i s s u e  upon contact with the  necro t ic ,  
decomposing c e l l .  Thus, it i s  obvious t h a t  t hese  disrupt ions have an 
e s s e n t i a l  negative inf luence on t h e  metabolism of the  myocardium, extending 
t o  t h e  formation of nec ro t i c  s ec to r s .  I t  i s  in t e re s t ing  t h a t  changes i n  t h e  
electrocardiogram occurring with hypopotassemia under experimental conditions 
are similar t o  changes observed i n  a t h l e t e s  with the  overs t ress  syndrome. I t  
should be  kept i n  mind t h a t  t he  important th ing  is  not  t h e  absolute  changes 
i n  concentration o f  t hese  e l ec t ro ly t e s ,  but r a t h e r  t h e i r  re la t ionship .  A 
decrease i n  potassium with a simuItaneous decrease i n  sodium does not  
d i s rup t  t h i s  r e l a t ionsh ip  and i s  not  r e f l e c t e d  i n  t h e  electrocardiogram. 

Hypopotassemia may be one o f  t he  f a c t o r s  causing changes i n  the  
electrocardiogram, p a r t i c u l a r l y  s ince  problems of  e l e c t r o l y t e  metabolism a r e  
usua l ly  not considered i n  the  d i e t e t i c  regimen o f  a t h l e t e s ,  or are 
i n s u f f i c i e n t l y  considered. Furthermore, t h e  phosphoric ac id  sal ts  of sodium 
are recommended f o r  a t h l e t e s ,  and these sal ts ,  l i k e  glucose, f a c i l i t a t e  
t h e  development of hypopotassemia. Obviously, these  problems requi re  
re-examination i n  t h e  l i g h t  of current  knowledge. 
following port ions o f  t h i s  r epor t ,  t he  phosphoric ac id  s a l t s  of sodium can 
cause dystrophy of  t he  myocardium, or ac t ing  i n  combination with cor t ico-  
s t e ro ids ,  can even cause necros is .  

A s  w i l l  be seen from the  

We should discuss  t h e  problem of  t h e  widespread usage of glucose. As w e  
know, 100-200 mR glucose a re  widely used by a t h l e t e s  both before  competition 
i n  order  t o  increase performance, and f o r  rap id  recovery of energy resources 
at  t h e  f i n i s h  l i n e  (N. N .  Yakovlev). However, t h e r e f a r e  ind ica t ions  i n  t h e  
l i t e r a t u r e  t h a t  some a t h l e t e s  fee l  worse a f t e r  taking glucose, and perform- 
ance decreases. Those a t h l e t e s  who take glucose no la te r  than 15 min 
following competition or 1 - 1 / 2  h r  before  competition general ly  feel  b e t t e r .  

I t  should be noted t h a t  t h e  idea  t h a t  glucose has "miraculous" effects 
i s  so widespread among a t h l e t e s  t h a t  i t  i s  taken e s s e n t i a l l y  without limita- 
t i o n  and i n  la rge  q u a n t i t i e s  both before  and a f t e r  t r a i n i n g  and competition, 
as w e l l  as outs ide  of competition and t r a in ing .  

However, under .c l in ica1  conditions,  p r a c t i c e  has long shied away from 
broad usage of  glucose without spec ia l  d i r e c t  ind ica t ions  f o r  i t s  appl ica-  
t i o n .  This i s  explained by t h e  fact  t h a t  glucose h a s ' a  number of negat ive 
inf luences on the  organism. Data are ava i lab le  ind ica t ing  t h a t  it increases  
t h e  mass of c i r cu la t ing  blood, increases  t h e  v i s c o s i t y  and acce lera tes  t h e  

' coagulabi l i ty  o f  t h e  blood, increases  the  prothrombin index, causes hypo- 
potassemia, etc. Sometimes glucose can cause a change i n  the  end por t ion  of  
t h e  ven t r i cu la r  complex on t h e  electrocardiogram. 
t h i s ,  i n  c l i n i c a l  p rac t i ce ,  f o r  example, card iac  glucosides are in j ec t ed  not 

A s  a r e s u l t  of a l l  of 
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with glucose, as has been done i n  the  p a s t ,  but i n  a physiological  
s o  l u  t ion. 

In  recent  t imes,  i nves t iga t ions  have been undertaken on t h e  inf luence 
of glucose during physical  loading. The d a t a  of V. P.  Pravosudov (1965) have 
shown c l e a r l y  t h a t  t ak ing  glucose without subsequent physical  work causes 
negat ive changes i n  t h e  electrocardiogram. 
cardiograms o f  a r a b b i t :  A, a t  rest;  B, one minute after i n j e c t i o n  of  5 mR of 
a 40% glucose so lu t ion  (some depression of  t he  T waves is  seen);  C, 15 min 
a f t e r  i n j e c t i o n  of glucose.  
leads 11, 111, aVF and V 

and V3 - 5, a depression o f t h e  S-T segment i n  leads V 1 , 2 '  

increased from 200 (A) t o  230 (C) .  

Figure 130 shows t h r e e  e l ec t ro -  

A c l e a r  depression of t he  T wave is  seen i n  
along with s p l i t t i n g  of t h e  P wave i n  Leads I1 3,4,5' 

Tachycardia 

The i n j e c t i o n  o f  glucose after work a l so  causes negat ive changes i n  t h e  
electrocardiogram. This  can be seen from Figure 131 (da ta  of  V. P.  Pravo- 
sudov, 1965). On Figure 131 we see four  electrocardiograms of one dog: t he  
f irst  (A) was taken a t  r e s t ,  t h e  second (B) immediately after 2 1 / 2  h r  
running on a t r eadmi l l  (without any e s s e n t i a l  change i n  the  e lec t rocard io-  

negat ive changes of t h e  T wave a r e  seen i n  leads 11, 111, aVF, V2 , ) ,  and t h e  

fou r th  (D) -- one hour a f t e r  inges t ion  o f  5 g potassium chlor ide  (complete 
normalizat ion) .  

/463 gram), t he  t h i r d  (C) one hour after taking 200 g. glucose with m i l k  ( c l ea r  - 
- 

The da ta  of  V. P.  Pravosudov are prel iminary,  although they a r e  of 
considerable i n t e r e s t ,  s ince  they confirm t h e  p o s s i b i l i t y  of a negative 
i n f l u e k e  of glucose ( i n  p a r t i c u l a r ,  t h e  formation of hypopotassemia under 
t h e  inf luence of  t h e  i n j e c t i o n  of  glucose) and confirm the  assumption made 
above t h a t  a more ca re fu l  approach t o  t h e  broad u t i l i z a t i o n  of glucose by 
a t h l e t e s  must be taken. 

Potassium and sodium ( p a r t i c u l a r l y  t h e  l a t t e r )  a r e  of  e s s e n t i a l  
s ign i f icance  i n  an ana lys i s  of t h e  inf luence of s t e r o i d  hormones on t h e  
myocardium. 
the  myocardium, which should be discussed. 
c o r t i c a l  sec t ions  o f  t h e  adrenal  gland have an e s s e n t i a l  r o l e  t o  p l ay  
i n  t h e  development of card iac  muscle damage. 

This i s  a t h i r d  poss ib le  path f o r  t h e  development of changes i n  
The hormones of t he  cerebra l  and 

In 1958, a monograph was'published by G .  S e l i e r ,  t he  author of t h e  
well  known theory of  adaptat ion,  dedicated t o  t h e  problem o f  chemical 
prevention of myocardial necroses.  The p r i n c i p a l  thought o f  t h i s  monograph, 
supported by a mass of experimental mater ia l ,  i s  t h a t  i n t ens ive  endogenic 
sec re t ion  of co r t i co ids ,  which occurs with any nonspecif ic  s t r e s s  (including 
cold,  hea t ,  var ious emotions, physical  s t r e s s ,  e t c . )  or a r t i f i c i a l  i n j e c t i o n  
of these  compounds i n t o  t h e  organism may, under c e r t a i n  condi t ions,  p a r t i c -  
u l a r l y  wTth an excess of  sodium salts,  be of pathogenic s ign i f icance  f o r  t h e  
formation of  var ious types of  cardiopathy, i n  p a r t i c u l a r  myocardial necroses.  
S e l i e r  ca l l ed  t h i s  ESCN, which s tands fo r :  e l e c t r o l y t e s ,  s t e r o i d s ,  
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cardiopathy and necrosis .  
sodium salts i n  combination with co r t i cos t e ro ids .  Other ca t ions  do not cause 
necroses i n  t h e  myocardium. The most ac t ive  sodium salts i n  t h i s  respect  a r e  
those formed from phosphoric ac id  and s u l f u r i c  acid (E. P. Vereshchakova, 
1965). 

This condition a r i s e s  only upon in j ec t ion  of 

Figure 130. Rabbit Electrocardiogram. A ,  at 
rest; B, 1 min following injection o f  glucose; 
C, 30 min following injection of glucose. Explan- 
ation in text. 
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F i g u r e  131. Electrocardiograms of  Dog. A ,  a t  r e s t ;  
B y  a f t e r  r u n n i n g ;  C ,  1 hr a f t e r  taking glucose; D ,  a f t e r  

taking potassium chlor ide.  Explanation i n  t ex t .  

As concerns the  co r t i co ids ,  t h e  experiments of G. S e l i e r  have shown 
t h a t  when sodium phosphates are ingested,  myocardial necroses can a r i s e  even 
without t he  in j ec t ion  of  cor t ico ids ,  s ince  the  production of the  cor t ico id  
hormones by the  adrenal cor tex i s  su f f i c i en t  t o  cause necrosis .  
necroses, a r i s ing  p r i n c i p a l l y  i n  the  r i g h t  v e n t r i c l e ,  a t r ia  and t h e  

Centers of  
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sub endo ca rd i  a1 
coronary blood 

l aye r s  o f  both v e n t r i c l e s  do not  depend on in t e r rup t ion  of  
supply, and r e s u l t  i n  c i c a t r i z a t i o n .  The electrocardiographic  - -  

p ic tu res  c h a r a c t e r i s t i c  f o r  l oca l i zed  myocardial damage. 

O f  g r ea t  importance f o r  c l i n i c a l  p r a c t i c e  and p a r t i c u l a r l y  f o r  spo r t s  
medicine is  S e l i e r ' s  conclusion t h a t  glucose r e in fo rces  ESCN as a r e s u l t  
of  t h e  hypopotassemia which it causes. A d i e t  r i c h  i n  vegetable  OF animal /464 
fats has  t h e  same e f f e c t .  Emotion, cold,  hea t  and physical  s t r e s s  c r e a t e  
condi t ions under which doses o f  sodium i n e f f e c t i v e  alone may cause widespread 
myocardial necros is .  

- 

It is  a l s o  important t o  note  t h a t  a l l  of t hese  d a t a  were produced not  
only with rats, but  using r a b b i t s ,  dogs and, which i s  p a r t i c u l a r l y  i n t e r -  
e s t ing ,  apes. In the  apes,  ECSN was caused by combined i n j e c t i o n  o f  
cor t i sone  a c e t a t e  -- t h e  bas i c  human glycocort icoid -- and sodium phosphorus 
salts. 

S e l i e r  (1958) considers  t h a t  ECSN amounts t o  nonspecif ic  myocardial 
damage, which may occur i n  connection with increased production of hormones 
during nonspec i f ic  stress (which may include physical  loading) or introduc- 
t i o n  o f  t h e  hormones t o  t h e  organism by var ious e l e c t r o l y t e s  always present  
i n  t h e  food. In p a r t i c u l a r ,  cooking sa l t  t a k e s  an a c t i v e  p a r t  i n  t h e  pres -  
ence of t h e  co r t i co ids .  

The d a t a  o f  S e l i e r  shed l i g h t  on t h e  pathogenesis of  many pathological  
s t a t e s  which had not  been s a t i s f a c t o r i l y  .explained heretofore .  

Experimental cen te r s  of nec ro t i c  myocardit is  a r i s i n g  i n  connection with 
t h e  in j ec t ion  of l a r g e  doses of d i g i t a l i s ,  i n  cases of  low potassium d i e t  
and, f i n a l l y ,  with high phys ica l  s t r e s s  have been described. I t  is i n t e r -  
e s t i n g  t h a t  t hese  changes i n  t h e  myocardium can be prevented by i n j e c t i n g  
potassium o r  magnesium chlor ide ,  or re inforced  by prel iminary in t roduct ion  of 
t he  corresponding hormones. 

The development of  card iac  muscle damage i s  q u i t e  va r i ab le  and depends 
on many uncont ro l lab le  condi t ions.  However, i n  experiments with animals 
prepared by syn the t i c  hormones, many agents ,  among which muscular s t r e s s  i s  
by no means the  least s i g n i f i c a n t ,  have caused myocardial necros is .  

S e l i e r ' s  conception of  t h e  nonspecif ic  nec ro t i c  damage o f  t h e  myocardium 
which we have j u s t  ou t l i ned  i s  of s i g n i f i c a n t  i n t e r e s t  and allows u s  t o  
provide some explanat ion of t h e  changes i n  t h e  end por t ion  o f  t he  v e n t r i c u l a r  
complex of t h e  electrocardiograms o f  a t h l e t e s .  This conception, furthermore,  
should cause spo r t s  doc tors  t o  s top  and th ink  before  using hydrocortisone f o r  
any spor t s  trauma. This conception i n d i c a t e s  means of  preventing t h e s e  
s t a t e s  ( in j ec t ion  of  potassium and magnesium s a l t s ) .  
t h e  usage of glucose,  which has  f a c i l i t a t e d  t h e  formation of  myocardial 
nec'roses under experimental condi t ions.  F ina l ly ,  it should not  be forgot ten  
t h a t  t he  t o x i c  e f f e c t s  of adrenosympathetic catecholamines is increased by 
t h e  adrenocort icoids .  

I t  a l so  warns aga ins t  
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Of course, w e  should hardly accept the  concepts o f  S e l i e r  completely 
i n  t h e i r  present  form, but they can be used as a bas i s  f o r  work i n  t h i s  area.  

Returning t o  changes i n  the  electrocardiogram noted i n  a comparatively /465 - 
l a rge  number of a t h l e t e s ,  it should be noted t h a t ,  s ince  t h e  concept of 
coronary blood flow cannot explain these changes, it i s  more proper t o  i n t e r -  
p r e t  them as manifestations of disrupt ions.  i n  t he  metabolism o f  t he  hear t  
muscle. This may be e i t h e r  a problem of  hypopotassemia, or t h e  t o x i c  
influence of  predomination of adrenosympathetic catecholamines over chol in-  
e r g i c  substances or, i n  many cases,  appearance of ECSN, i . e .  S e l i e r  myo- 
card ia l  necroses. 

S u f f i c i e n t  da ta  i s  not ye t  ava i lab le  t o  give a f i n a l  answer t o  these  

Also,  without 
questions,  s ince  problems o f  t he  biochemistry of t h e  myocardium have not ye t  
been s tudied i n  the l i g h t  o f  today's concepts i n  spo r t s .  
in tens ive  study of t he  neurovegetative metabolic inf luences i n  the o r i g i n  of 
changes i n  the  card iac  muscle, there  can be no progress i n  the  understanding 
and prevention of  t h e s e  states. 

Any therapy can be i n t e l l i g e n t  and purposeful only i f  the  mechanisms of  
t he  disrupt ion o f  t he  function of t h e  myocardium a r e  known. This is the  area 
i n  which fu r the r  i n v e s t i g a t i v e  work should be performed. However, even today 
these  problems have important p r a c t i c a l  s ign i f icance  f o r  spor t s .  They should 
force  us t o  reanalyze many problems of the  n u t r i t i o n  of a th l e t e s .  Further- 
more, they allow us t o  take  a new approach t o  the  understanding of the  state 
of t r a i n i n g  and .its proper evaluation, and allow a proper in t e rp re t a t ion  of 
changes i n  the  electrocardiograms of a t h l e t e s  which have not yet been 
explained. 
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CHAPTER X I V  

SYSTOLIC NOISES I N  ATHLETES 

ABSTRACT. Analysis of phonocardiographic data produced 
under r e s t  conditions and w i t h  various functional t e s t s  
indicates  t ha t  accidental  s y s t o l i c  noise does not ind ica te  
mitral  valve def ic iency.  T h e  usage of phonocardiography 
f o r  d i f f e r e n t i a l  diagnosis of accidental  and functional 
noise is described. Case h i s t o r i e s  a r e  described, and 
sample phonocard i ograms a r e  presented. 

The ana lys i s  of var ious s y s t o l i c  h e a r t  no ises  is  an important and / 466 
pressing,  but  a l so  f requent ly  q u i t e  d i f f i c u l t  problem. 
noises  a r e  dis t inguished:  organic,  func t iona l  and acc identa l  (Holldack, 
Wolf, 1956, 1958, 1960, 1962, 1964). 

Three types of h e a r t  

Organic noises  r e f e r  ;to those r e s u l t i n g  from congeni ta l  and acquired 
hea r t  defec ts .  

Functional no ises  a r e  those which, although they may be r e l a t e d  t o  
organic..damage of t he  hea r t  and even f requent ly  appear along with organic 
noises ,  a r e  not a d i r e c t  r e s u l t  of a primary d i s rup t ion  i n  the  i n t e g r i t y  of a 
valve or presence of aper tures  i n  i n t e r i o r  walls o f  t h e  hea r t  and l a rge  
vesse ls .  They ind ica t e  changes i n  funct ioning o f  t h e  e n t i r e  hear t  or of  any 
o f  i t s  sec t ions ,  f requent ly  r e l a t e d  t o  acce lera t ion  of blood flow, changes i n  
blood v i scos i ty  or o the r  f ac to r s .  With a l l  o f  t h i s ,  t h e  cause of each noise  
i s  always known. The func t iona l  no ises  include widely va r i ed  noises  -- from 
s y s t o l i c  noises  i n  anemia and thyro toxicos is  t o  s y s t o l i c  and d i a s t o l i c  no ises  
with r e l a t i v e  angina p e c t o r i s  and def ic iency  of  var ious hea r t  valves .  

The acc identa l  no ises  are nonorganic, nonpathological no ises ,  d i f f e r i n g  
i n  p r i n c i p l e  from noises  o f  t he  first two groups i n  t h a t  they a r e  encountered 
under ordinary condi t ions i n  persons with completely hea l thy  cardiovascular  
systems, bu t  a l s o  may a r i s e  i n  var ious physiological  s t a t e s .  
e n t i a t i n g  s p e c i f i c  f e a t u r e  o f  acc identa l  no ises ,  i n  addi t ion  t o  t h e i r  

mechanism of t h e i r  formation nor  t h e  poin t  where they arise i s  known i n  each 
concrete case. 

The d i f f e r -  

/467 de tec t ion  i n  persons with hea l thy  h e a r t s ,  i s  t h e  f a c t  t h a t  n e i t h e r  t he  - 

In  t h e  hundred f i f t y  years  which have passed s i n c e  the  t i m e  of publica- 
t i o n  of the  inves t iga t ions  o f  Layenek, i n  which t h e  p o s s i b i l i t y  o f  
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detect ion of noises  a r i s i n g  during the  operation of  t he  hear t  with the  
stethoscope was f irst  reported,  many hypotheses have appeared concerning the 
o r i g i n  o f  accidental  s y s t o l i c  noises .  N .  N .  Savitskiy (1927) explains the  
appearance of most nonorganic s y s t o l i c  noises as r e l a t i v e  deficiency of t he  
mitral  valve r e s u l t i n g  from too s t rong s t r e t ch ing  of  t h e  chords during hyper- 
tension of t he  p a p i l l a r y  muscles. He r e l a t e d  hypertension of t h e  p a p i l l a r y  
muscles t o  increased tonus of t he  sympathetic segment of  the  vegetat ive 
nervous system. Some authors,  agreeing with the  opinion of N. N. Savi t sk iy  
on the  p o s s i b i l i t y  of exis tence of nonorganic s y s t o l i c  noise  as a r e s u l t  of 
changes i n  t h e  tonus of t h e  p a p i l l a r y  muscles, a t t r i b u t e  it t o  t h e  influence 
of  t he  vagus nerve o r  d is rupt ion  of t on ic  equilibrium of the  two segments o f .  
the  vegetat ive nervous system (I.. Y a .  Lokshina, 1930; K. F. Mikhaylov and 
V. G. Popov, 1931). A. I .  Smirnov (1958), then later V. V. Antipov (1955), 
showed experimentally t h a t  t h e  formation of nonorganic s y s t o l i c  noise  actu- 
a l l y  may be r e l a t ed  t o  changes i n  the tonus of var ious segments of t he  
vegetat ive nervous system. However, i n  cont ras t  t o  N. N .  Savitskiy,  
V. V. Antipov bel ieves  t h a t  t h i s  type of s y s t o l i c  no ise  arises not i n  the  
a rea  of t he  mitral valve,  but i n  the  i n i t i a l  segments of  t h e  large vesse ls .  
In  t h i s  respec t ,  he sets f o r t h  t h e  point  of view s t a t e d  long ago by 
Sahl i  (1896). 
r e s u l t s  i n  an increase i n  t h e  force  of  contract ion of  t he  ven t r i c l e s  of  t he  
hea r t ,  which i n  t u r n  causes acce lera t ion  of  t h e  blood flow and the  formation 
of vortex movements. 

#. 

A change i n  t h e  condition o f  t h e  vege ta t ive  nervous system 

The idea  of a causal connection between accidental  (physiological)  
s y s t o l i c  noises  and an increase i n  the  blood volume per  beat  and blood flow 
rate through t h e  mouths of t he  l a rge  vesse ls  ( in  p a r t i c u l a r  t h e  pulmonary 
a r t e r y ) ,  leading t o  t h e  formation of v o r t i c e s  with turbulent  blood movement' 
i s  a c t i v e l y  supported by, among o ther  i nves t iga to r s ,  B.  P.  Kushelevskiy 
(1941). This author,  disagreeing with N.  N.  Savi t sk iy  and negating any 
real is t ic  connection between a-cidental  s y s t o l i c  noises  and r e l a t i v e  
def ic iency of t h e  mitral valve,  bases h i s  argument on many years observations - /468 
of yocng men of d r a f t  age and a th l e t e s .  

The r e s u l t s  o f  our phonocardiographic inves t iga t ions ,  performed both 
under conditions of r e l a t i v e  quie t  and with var ious funct ional  t e s t s  (see 
below) give us no reason t o  bel ieve t h a t  t he  accidental  s y s t o l i c  noise  found 
i n  heal thy chi ldren and adu l t s  ( a th l e t e s  and persons not involved i n  spor t s )  
r e s u l t  from r e l a t i v e  mitral  deficiency. On the  contrary,  our da ta  force  us 
t o  agree w i t h  Holldack and Wolf (1962) t h a t  "the majori ty  o f  accidental  
s y s t o l i c  noises  are similar t o  noises  a r i s ing  as f l u i d s  folw out of tubes,  
and r e s u l t  from the  formation of v o r t i c e s  caused b y ' t h e  inconstancy of the  
blood flow conditions from t h e  ven t r i c l e s ,  which are q u i t e  normal." 

- __ ~ ~ __ ~ . ~ . . . . . . . . .  . - ~ - _ _  ?-  --.. ~ * A t u r b u l e n t  f l u i d  flow a r i s e s  a r i s e s  i n  those cases- when the  c r i t i c a l  
v e l o c i t y  defined by t h e  Reynolds 
ve loc i ty ,  D. t h e  diameter and p t he  kinematic v i scos i ty)  Exceeds 1900. 
blood, according t o  Coulter and Pappenheimer (1949), t h e  corresponding 
Reynolds number is  1940 k 160. 

number (Reynolds, 1883) -- VD/p (V i s  the  
For 
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Convincing support f o r  t h i s  pos i t i on  can be found i n  t h e  r e s u l t s  of inves t -  
i ga t ions  performed i n  recent  years  using the  method o f  i n t r aca rd iac  phono- 
cardiography (Lewis e t  a l . ,  1957, 1959; e t c . ) .  The da ta  produced by these  
authors ind ica t e  t h a t  s y s t o l i c  no ise  can be recorded by t h i s  technique i n  t h e  
pulmonary a r t e r y  i n  a l l  hea l thy  persons.  
formation of  t h i s  no ise ,  which i s  c a l l e d  pulmonary expulsion noise  i n  the  
modern l i t e r a t u r e ,  t he re  are a number of ideas .  Thus, Tourniaire  e t  a l .  
(1962), i n  d i scuss ing  t h e  reasons f o r  formation o f  nonorganic s y s t o l i c  
pulmonary noise ,  r e f e r  t o  Chisholm (1937) who showed t h a t  t h e  infundibulum 
and body of t h e  pulmonary a r t e r y  are e a s i l y  extendable,  t h e r e  are no f ib rous  
r ings  a t  t h e  l eve l  of t h e  semilunar valves ,  while t he  f r e e  ends of  t he  valves  
are i n e l a s t i c .  
t h e  walls of t h e  ves se l ,  but may remain extended, forming a t r i a n g l e  
inscr ibed  i n  the  lumen of t h e  pulmonary a r t e r y .  
v i b r a t e  l i k e  vocal cords. 

A s  concerns the  mechanism of  

During expulsion, these  f r e e  edges may not  l i e  adjacent t o  

The edges of  t he  t r i a n g l e  

Pulmonary expulsion noise  apparently represents  a considerable  share  of  
t he  acc identa l  s y s t o l i c  no ises  heard on the  a n t e r i o r  sur face  of t he  thorax 
(best  and most f requent ly  i n  t h e  second o r  t h i r d  i n t e r c o s t a l  space at  t h e  
lef t  edge of t he  thorax or paras t e rna l ly ,  but  f requent ly  along t h e  e n t i r e  
l e f t  edge of t h e  thorax, or under t h e  apex of t h e  hea r t )  i n  a l a rge  number of  
hea l thy  ch i ldren  and young people, and f requent ly  i n  adu l t s  as well .  In 
addi t ion  t o  the  acc identa l  s y s t o l i c  no ises  r e l a t e d  t o  expulsion of  blood from 
the  hea r t ,  t h e r e  a r e  acc identa l  s y s t o l i c  noises  apparent ly  a r i s i n g  i n  the  
v e n t r i c l e s  themselves. 

The formation of i n t r a v e n t r i c u l a r  s y s t o l i c  no ises  under condi t ions of  
pathology has been descr ibed by I .  I .  Savchenkov (1960). According t o  h i s  
d a t a ,  t h i s  type of no ise  r e s u l t s  from o s c i l l a t i o n s  of rheumatically damaged 
tendonous cords and p a p i l l a r y  muscles. E. A. Melik-Gyul'nazaryan (1927), on 
t h e  b a s i s  of t h e  r e s u l t s  of c l i n i c a l  and pathological  comparisons, concluded 
the  p o s s i b i l i t y  o f  formation of s y s t o l i c  no ise  as a r e s u l t  of  t r u e  o s c i l l a -  
t i o n s  of  undamaged chordal s t r u c t u r e s  as wel l .  This i s  a l s o  mentioned by 
S. F .  Oleynik (1961), e t c .  

/469 

We cannot exclude i n t r a v e n t r i c u l a r  o r i g i n  f o r  t h e  "accidental  sys to l i c "  
v ib ra t ion  noise  f requent ly  encountered i n  heal thy ch i ldren  of a l l  age groups, 
p a r t i c u l a r l y  preschool and school-age, and sometimes i n  adu l t s  a s  wel l .  This 
acc identa l  s y s t o l i c  no ise ,  descr ibed i n  1909 by S t i l l ,  appears most c l e a r l y  
along the  lower l e f t  boundary of  t h e  chest  or over t h e  middle precord ia l  area 
o r  t h e  apex of t h e  h e a r t .  
no i se  is  i t s  musical nature .  On the  phonocardiogram, i t  i s  f requent ly  
present  as t r u e  s inusoida l  o s c i l l a t i o n s ,  t he  frequency of which i s  r e l a t i v e l y  
low.. According t o  the  d a t a  of c e r t a i n  authors  (Cast le ,  Durham, 1961; 
Zuckerman, 1963), t h i s  S t i l l  no ise  may a r i s e  i n  t h e ' e f f l u x  path of t h e  r i g h t  
v e n t r i c l e .  Welles (1957), analyzing t h e  mechamism of formation of  acc identa l  
s y s t o l i c  no ise  i n  the  precord ia l  a rea ,  appearing on t h e  phonocardiogram i n  
the , form of  regular  o s c i l l a t i o n s ,  t h e  formation of  which does not  include a 
high-frequency component, i n d i c a t e s  t h a t  t h i s  no ise  a r i s e s  as a r e s u l t  of  
v ib ra t ion  of t h e  wal l s  o f  t h e  hea r t .  A. I. Koblents-Mishke (unpublished 

One e s s e n t i a l  c h a r a c t e r i s t i c  of t he  "vibration" 
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work), without cont rad ic t ing  t h e  poin t  of view o f  Welles, suggest t h a t  it is  
more probable t h a t  t h i s  no ise  i s  formed by tendonous cords.  D .  D. Lebedev 
and A. I. Pimenov (1965), repor t ing  on s y s t o l i c  no ise  de tec ted  i n  heal thy 
ch i ldren  over t h e  apex of the  hea r t  and along the  l e f t  edge of t h e  lower ha l f  
of t h e  thorax, are inc l ined  t o  be l i eve  t h a t  it i s  caused by v o r t i c e s  i n  t h e  
blood during s y s t o l i c  movement along t h e  i n t e r n a l  sur face  of t h e  w a l l  of t h e  
l e f t  v e n t r i c l e ,  which i s  covered by muscular t rabeculae.  The descr ip t ion  of 
t h e  noise  and phonocardiogram which these  authors  present  i n d i c a t e  t h a t  t h e  
no i se  i s  "vibrat ional"  i n  nature .  F ina l ly ,  McKusick (1959) s t a t e s  t h a t  t h e  
po in t  of  formation of  S t i l l  no ise  i s  not i n  t h e  v e n t r i c l e s ,  but  i n  the  a rea  
o f  t h e  semilunar valves ,  r e l a t i n g  it t o  v ib ra t ion  of f r e e  edges of  t he  
t r i a n g l e  described by Chisholm. 
source o f  t h i s  "vibrat ional"  no ise  i s  s t i l l  unknown. 

The da ta  presented ind ica t e  t h a t  t h e  t r u e  

Thus, t h e  l i t e r a t u r e  contains  discussions of a number o f  concepts o f  t h e  
formation of  acc identa l  s y s t o l i c  no ises ,  each o f  which, apparently,  r equ i r e s  
f u r t h e r  study. I t  is q u i t e  probable t h a t  t hese  noises  a r e  po lye t io log ica l ,  
and q u i t e  poss ib l e  t h a t  f requent ly  t h e  formation of even a s i n g l e  ind iv idua l  
acc identa l  no ise  i s  the  r e s u l t  o f  the  p a r t i c i p a t i o n  of  a number of f a c t o r s .  
Simultaneous presence of s eve ra l  acc identa l  s y s t o l i c  no ises  i n  one person i s  
a l s o  q u i t e  poss ib le .  

/470 

The absence of s u f f i c i e n t l y  complete knowledge concerning the  mechanisms 
of  formation of acc identa l  s y s t o l i c  no ises  should not  prevent in tens ive  
search f o r  c r i t e r i a  f o r  r e l i a b l e  diagnosis  and d i f f e r e n t i a t i o n  between them 
avd noises  r e l a t e d  t o  pathology of t h e  hea r t  and l a rge  ves se l s .  
i nves t iga t ions  seem p a r t i c u l a r l y  necessary s ince  acc identa l  s y s t o l i c  no ises  
are encountered i n  a l a rge  number of  p r a c t i c a l l y  hea l thy  persons and 
p a r t i c u l a r l y  f requent ly  i n  ch i ldren ,  adolescents  and young people. Thus, 
G. M. Slutskaya (19631, R. E. Mazo (1964), A. I. Pimenov (1964), 
S. I. Shatunovskaya (1964), e t c .  succeeded i n  f ind ing  them i n  more than 50% 
of t h e  ch i ldren  which they inves t iga ted  i n  ages up t o  14-15 years .  
and Wolf (1956 and l a t e r )  i n d i c a t e  t h a t  i n  ch i ldren  acc identa l  s y s t o l i c  
no ises  a r e  almost always present .  According t o  Mannheimer (1955), modern 
apparatus allows weak s y s t o l i c  no ises  t o  be recorded i n  a l l  chi ldren.  
Accidental s y s t o l i c  no ises  a r e  noted somewhat l e s s  f requent ly  i n  adu l t s :  
t h e  inves t iga t ions  o f  R. B. Minkin (1963) they were noted i n  28%, according 
t o  t h e  da t a  of  V. V. Solov'yev, V. V. Bulychev (1962), i n  48% of  those 
s tudied.  

These 

Holldack 

i n  

According t o  t h e  d a t a  presented i n  t h e  l i t e r a t u r e  (R. Ye. Motylyanskaya 
and S. P. Letunov, 1949; R.. D. Dibner, 1960; A. G .  K i m ,  1964; Yu. A. Chizh, 
1965;'Emmrich e t  a l . ,  1961; e t c . )  and our own data ,  acc identa l  s y s t o l i c  
no ises  are noted i n  a t h l e t e s  no l e s s  f requent ly ,  and according t o  the  opinion 
of  V. V. Solov'yev and V. V. Bulychev (1962), approximately twice as 
f requent ly  as i n  p r a c t i c a l l y  heal thy persons o f  the  same age bu t  not  involved 
i n  spo r t s .  Also, t h e r e  i s  no reason t o  consider t h a t  t he  presence of organic 
h e a r t  de fec t s  i s  an extreme r a r i t y  i n  a t h l e t e s .  
observations o f  a t h l e t e s  with hea r t  defec ts  a r e  presented by 

Thus, t h e  r e s u l t s  of. 
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R. Ye. Motylyanskaya (1949, 1963), S. P.  Letunov (1957), R. D.  Dibner (1962, 
1963, 1964). 

In recent  years ,  w e  have s tudied over 40 a t h l e t e s  i n  ac t ive  t r a i n i n g  
with congenital  and acquired hea r t  de fec t s ,  most of t hese  a t h l e t e s  being 
r a t e d  c l a s s  I o r  11. Some of these  persons had no idea  t h a t  they had h e a r t  
d i sease  before  spec ia l  phonocardiographic inves t iga t ions .  Furthermore, even 
t h e  doctors  who had examined many o f  these  persons before  had not  suspected 
anything -- t h e  s y s t o l i c  no ises  r e s u l t i n g  from organic hea r t  de fec t s  were 
erroneously in t e rp re t ed  as nonorganic ( funct ional)  noises .  This was appar- 
e n t l y  f a c i l i t a t e d  by t h e  complete absence of any pa in  and t h e  c l e a r  medical 
h i s to ry ,  t he  r a t h e r  s t a b l e  spo r t s  r e s u l t s ,  t h e  s a t i s f a c t o r y  r eac t ion  o f  t h e  
pulse  and blood pressure t o  tests involving physical  loading and t h e  normal 
e lectrocardiographic  and X-ray da ta ,  as well  as by the  skep t i ca l  a t t i t u d e  of  
c e r t a i n  doctors  t o  the  p o s s i b i l i t y  o f  presence o f  organic hear t  de fec t s  i n  
ac t ive ly  t r a i n i n g  a t h l e t e s .  

- /471 

These da t a  ind ica t e  the  necess i ty  of a very caut ious approach t o  t h e  
evaluat ion of s y s t o l i c  no ises  i n  a t h l e t e s .  An i n s u f f i c i e n t l y  ca re fu l  
approach t o  t h i s  problem, accompanied by f a i l u r e  t o  u t i l i z e  c e r t a i n  important 
d i f f e r e n t i a l  c h a r a c t e r i s t i c s ,  sometimes leads t o  the  fact t h a t  ind iv idua l  
a t h l e t e s  with organic h e a r t  de fec t s  continue t o  undergo constant ,  heavy 
physical  loads,  which may r e s u l t  i n  t h e i r  untimely inva l id i za t ion .  

Although t h e  l i t e r a t u r e  presents  descr ip t ions  of  ind iv idua l  cases i n  
which high r e s u l t s  and even records have been achieved by a t h l e t e s  with 
organic  hea r t  defec ts ,  a t  tQday's l e v e l  o f  knowledge we-should acknowledge 
t h e  obl iga tory  na ture  of e l iminat ing these  persons from heavy spor t s  
competition. 
out of competition due t o  improper i n t e r p r e t a t i o n  of  accidental  s y s t o l i c  
no ises  as organic  noises .  

However, it should be kept i n  mind t h a t  many a t h l e t e s  a r e  taken 

Phonocardiography i n  t h e  Di f fe ren t ia l  Diagnosis o f  Sys to l i c  Noises 

In s p o r t s  medical p r a c t i c e ,  acc identa l  s y s t o l i c  no ises  a r e  most 
f requent ly  f a l s e l y  assumed t o  be organic  s y s t o l i c  no ises  r e s u l t i n g  from 
mitral def ic iency.  On t h i s  b a s i s ,  i n  t h e  following we w i l l  d iscuss  t h e  
d i f f e r e n t i a l  diagnosis  between acc identa l  s y s t o l i c  no ises  and r egurg i t a t iona l  
no ise  r e s u l t i n g  from organic  mitral  def ic iency exclusively.  

I t  should be noted t h a t  d i f f e r e n t i a t i o n  between acc identa l  s y s t o l i c  
no ises  and organic mitral  def ic iency noises  i n  a t h l e t e s  i s  more d i f f i c u l t  
than i n  persons not  involved i n  spo r t s .  .This i s  because, i n  addi t ion  to t h e  
s y s t o l i c  noise ,  t hese  persons more f requent ly  have a l l  t h e  c h a r a c t e r i s t i c s  
which have been i n t e r p r e t e d  up t o  t h e  present  t i m e  as more or less pathogno- 
monic f o r  mitral  valve def ic iency (we have i n  mind weakening of  tone I and 
the  presence of tone I11 over t h e  apex of t h e  h e a r t ,  more o r  l e s s  expressed 
s p l i t t i n g  and accentuat ion o f  tone I1 over t h e  pulmonary a r t e ry ,  expansion of  
t he  boundary of t h e  h e a r t  t o  t h e  l e f t  and hypertrophy of  t h e  l e f t  v e n t r i c l e ) .  
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Pansystolic .. 
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Figure 132. Form ("Conf igura- 
tion") and Posi t ion i n  Time of 
Systol ic  Heart Noises (Diagram). 
1 ,  Posi t ion o f  tones I and I I 
when  recorded a t  h i  gh-f requency 
c h a r a c t e r i s t i c ;  2 ,  e a r l y  s y s t o l i c  
(protosystol  i c )  decrescendo noise;  
3 ,  mesosystolic rhomboid noise;  
4 ,  Te le sys to l i c  crescendo noise;  
5 ,  pansys to1 i c decrescendo no i se ; 
6,  pansystol ic  band-shaped noise;  
7 ,  pansystol ic crescendo noise;  
8 ,  pansystol ic  rhomboid no i se . :  

/472 - D i f f e r e n t i a l  d iagnos t ic  
phonocardiographic evaluat ion of  
no ises  is usua l ly  performed using 
t h e  following c h a r a c t e r i s t i c s :  
amplitude, durat ion,  loca t ion  i n  
t h e  ca rd iac  cycle ,  configurat ion 
(Figures 132, 133, 134, 135), t h e  
frequency c h a r a c t e r i s t i c ,  point  o f  
bes t  percept ion,  presence of 
i r r a d i a t i o n  of  t h e  noise  and i ts  
d i r e c t i o n .  

The cont rad ic tory  na ture  of 
t h e  information r e l a t i n g  both t o  
these  c h a r a c t e r i s t i c s  f o r  var ious 
types of no ises ,  and p a r t i c u l a r l y  
t o  t h e  s ign i f i cance  of  each o f  
these  f o r  d i f f e r e n t i a l  d iagnos t ic  
purposes s t imula ted  us t o  analyze 
t h e  material ava i l ab le  t o  us,  
encompassing t h e  auscul ta t ive  and 
phonocardiographic inves t iga t ion  
of heal thy a t h l e t e s  with acci-  
den ta l  s y s t o l i c  noises  and 
p a t i e n t s  su f fe r ing  from organic 
mitral def ic iency.  

With t h e  t e s t  sub jec t  ly ing  
on h i s  back, accidental  s y s t o l i c  
no ises  a re  usua l ly  heard simul- 
taneously a t  severa l  auscu l t a t ive  
po in t s ,  f requent ly  both over t h e  
base of  t h e  hear t  and over t h e  
apex. Most f requent ly ,  t he  
punctum maximum of t h e  accidental  
s y s t o l i c  no ises  is  local ized i n  
t h e  second i n t e r c o s t a l  space a t  
t h e  l e f t  edge of t he  thorax, less 
frequent ly  i n  t h e  t h i r d  i n t e r -  
cos t a l  space at the  l e f t  edge of 
t he  thorax. 

In  a smaller number of cases ,  
t h e  ep icenter  o f  t h e  acc identa l  
s y s t o l i c  noises  i s  located 
over t h e  apex of  t h e  hea r t  o r  
f l i g h t l y  (1-2 cm) higher  and more 
medial (along t h e  p e r i s t e r n a l  
l i n e ) .  

/475 - 
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Amyl N i t r i t e  

Phys ica l  load 

F i g u r e  133. A t h l e t e  M-v, 18 Years Old, Class I I  
S k i e r .  Heal thy .  Phonocardiograms recorded a t  
t h e  apex o f  t h e  h e a r t  ( f requency c h a r a c t e r i s t i c  
Cz), show: A, w i t h  s u b j e c t  l y i n g  on back, tone I 
s p l i t ,  s h o r t ,  mesosys to l i c  f u n c t i o n a l  musical  
n o i s e  o f  low ampl i tude,  approx imat ing s p i n d l e  
shape; B, i n  s tand ing  p o s i t i o n ,  n o i s e  disappears 
complete ly ;  C y  r e a c t i o n  t o  i n h a l a t i o n  o f  amyl 
n i t r i t e ,  increase i n  pu lse  f requency, c l e a r  
increase i n  ampl i tude o f  tone I, weakening o f  
tone I I ,  beg inn ing  o f  which i s  c l e a r l y  e a r l i e r  
than end o f  T wave on e lec t rocard iogram,  appear- 
ance o f  tone I l l  and.cons iderab le  increas.e i n  
ampl i tude of  s y s t o l i c  no ise;  D, physica' l  loading,  
i n  a d d i t i o n  t o  sharp increase i n  s y s t o l i c  no ise,  
causes inc rease i n  tones I and I I  and appearance o f  
o f  tone 1 1 1 ,  t h e  ampl i tude o f  which i s  q u i t e  h igh .  
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back 

Standing 

Amyl N,i t r i  t e  

F i g u r e  134. A t h l e t e  Z-n, 23 Years Old, Class I 
(Table Tennis) .  M i t r a l  d e f i c i e n c y .  Phonocardio- 
grams recorded a t  t h e  apex o f  the  h e a r t  ( f r e -  
quency c h a r a . c t e r i s t i c  C,) showed: A, w i t h  t e s t  
s u b j e c t  i n  l y i n g  p o s i t i o n  on back, tones w i t h o u t  
p e c u l i a r i t i e s ,  p a n s y s t o l i c  no ise,  i n c r e a s i n g  
toward tone I I ;  B ,  i n  s tand ing  p o s i t i o n ,  ampl i -  
tude o f  p a n s y s t o l i c  n o i s e  increases markedly 
w i t h o u t  e s s e n t i a l  change i n  i t s  form; C, a f t e r  
i n h a l a t i o n  o f  amyl n i t r i t e ,  c o n f i g u r a t i o n  and 
ampl i tude o f  n o i s e  change markedly:  
h a l f  o f  s y s t o l e ,  n o i s e  incr,eases; d u r i n g  second 
h a l f ,  markedly decreases, which i s  p a r t i c u l a r l y  
n o t i c e a b l e  i n  t h e  t h i r d  and f i f t h  cyc les ,  where 
t h e  n o i s e  p r a c t i c a l l y  disappears by t h e  end o f  
the  s y s t o l e ;  D ,  r e a c t i o n  t o  p h y s i c a l  l o a d i n g  
appears i n  t h e  form o f  increase i n  n o i s e  i n  b o t h  
f i r s t  and second h a l f  o f  s y s t o l e .  

d u r i n g  f i r s t  
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The da ta  which w e  produced i n  r e l a t i o n  t o  t h e  most frequent l oca l i za t ion  
of t he  punctum m a x i m u m  o f  acc identa l  s y s t o l i c  no ises  i n  a t h l e t e s  at  t he  
second i n t e r c o s t a l  space on t h e  l e f t  s i d e  of t he  thorax agree with the  
r e s u l t s  o f  t he  inves t iga t ions  of Emmrich e t  a l .  (1961). These accidental  
noises  appearing most c l e a r l y  i n  t h e  second i n t e r c o s t a l  space a t  t he  l e f t  
s i d e  of  t he  thorax corresponded i n  loca l i za t ion  of  t h e  ep icenter  ( a t  the  
poin t  of pro jec t ion  of  t h e  pulmonary a r t e r y  valves) and a l l  o the r  character-  
i s t ics  t o  pulmonary expulsion noise .  
s y s t o l i c  no ise  r e s u l t i n g  from organic mitral def ic iency i n  a l l  t he  sub jec t s  
whom we inves t iga ted  (chi ldren,  adolescents .and adu l t s )  was the  area of t h e  
apex o f  t h e  hea r t .  

The poin t  of b e s t  percept ion of t he  

Thus, t he  ep icenters  of organic s y s t o l i c  no ise  r e s u l t i n g  from mitral  
def ic iency and most acc identa l  noises  encountered i n  a t h l e t e s  do no t  
correspond. 

Amyl N i t r i t e  

Figure 135. Pat ien t  K-a, 
34 Years O l d ,  Mitral Defi- 
c i ency . P honoca rd i og rams 
recorded a t  apex of hear t  
(frequency c h a r a c t e r i s t i c  
C,) show pansys to l ic  noise  
of h i g h  amplitude i n  t h e  
l y i n g  pos i t ion  on t h e  back. 
After inhalat ion of amyl . 
n i t r i t e ,  t h e  amplitude of 
t h e  noise  decreases sharply 
i n  t h e  second half  of t h e  

. s y s  to1 e w i  thout not iceable  
change d u r i n g  t h e  f i r s t  
h a l f .  

The d i r e c t i o n  of i r r a d i a t i o n  o f  t h e  
noise  i s  q u i t e  important f o r  d i f f e r -  
e n t i a t i o n  between organic mitral  
r egurg i t a t ion  noise  and acc identa l  
s y s t o l i c  no ise .  Even s t rong  acc identa l  
s y s t o l i c  no ises ,  which i r r a d i a t e d  down- 
ward along the  l e f t  edge of t h e  thorax 
and t o  t h e  apex of t h e  hea r t  or, with 
maximum expression a t  t h e  apex, r ad ia t ed  
t o  t h e  base of  t h e  h e a r t ,  d id  not  appear 
c l e a r l y  i n  t h e  l e f t  a x i l l a r y  area.  

In  con t r a s t  t o  t h i s ,  s y s t o l i c  no i se  
r e s u l t i n g  from organic  mitral d e f i -  
ciency, although it might be t raced  
weakly from the  apex t o  t h e  base of  t h e  
h e a r t ,  was p r i n c i p a l l y  i r r a d i a t e d  i n t o  
t h e  l e f t  a x i l l a r y  a rea ,  where it was 
always recorded q u i t e  c l e a r l y .  

Thus, t h e  d i r e c t i o n  of i r r a d i a t i o n  /476, 
of acc identa l  s y s t o l i c  noises  and of  
organic  mitral  def ic iency  noise  a l s o  
d i f f e r s .  

. I n  phonocardiographic char- 
a c t e r i z a t i o n  o f  h e a r t  no ises ,  p a r t i c -  
u l a r l y  f o r  purposes of  d i f f e r e n t i a l  
d iagnos is ,  considerable  a t t e n t i o n  i s  
usua l ly  given t o  d a t a  on t h e i r  i n t e n s i t y  
(amplitude) and durat ion.  
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Some inves t iga tors  emphasize t h a t  t he  amplitude o f  accidental  s y s t o l i c  
noises  i s  low, and c l e a r l y  less than the  amplitude o f  organic mitral  
deficiency noise.  

In most of our inves t iga t ions ,  t h e  organic noise  from mitral deficiency 
was more in tens ive  than accidental  s y s t o l i c  noise .  However, i n  a number of 
persons t h e  amplitude of t h i s  no ise  when recorded with t h e  low frequency (H) 
and middle-frequency (C1 and C ) cha rac t e r i s t i c s  i s  q u i t e  low, and i s  low i n  

r e l a t i o n  t o  ce r t a in  acc identa l  s y s t o l l c  noises  with epicenters  i n  t h e  area of 
pro jec t ion  of  t he  pulmonary a r t e r y  valves,  as well as t h e  area of t he  apex of 
t h e  hear t .  

2 

Thus, the  amplitude c h a r a c t e r i s t i c  of t he  noise  cannot be used as a 
r e l i a b l e  c r i t e r i o n  f o r  d i f f e r e n t i a l  diagnosis o f  var ious s y s t o l i c  hea r t  
noises  ( I .  A. Kassirskiy and G .  I. Kassirskiy,  1964; Holldack, Wolf, 1956 and 
later; Castle, Durham, 1961). 

The d i f f e r e n t i a l  d iagnos t ic  s ign i f icance  of  t h e  durat ion of  t h e  noise ,  
l i k e  the  i n t e n s i t y  of t h e  noise ,  i s  evaluated var iously i n  the  l i t e r a t u r e .  
Castle and Durham (1961) emphasize t h a t  t he  most important c h a r a c t e r i s t i c  
a iding i n  d i f f e r e n t i a t i o n  between ap ica l  accidental  s y s t o l i c  noises and 
organic mitral def ic iency noise  is t h e  pansys to l ic  na ture  of t h e  l a t t e r .  
However, A. G.  Salim'yanova (1960), I .  A. Kassirskiy and G .  I .  Kassirskiy 
(1964) have noted shor t  regurg i ta t ion  noise ,  i n  p a r t i c u l a r  with mitral  valve 
def ic iency not  too sharply expressed. 

w e  
as 

In our phonocardiographic inves t iga t ions  with organic mi t r a l  deficiency, 
have never recorded a s h o r t  s y s t o l i c  noise ,  and i n  fact  it has been only 
a rare exception t h a t  t h e  noise  has f a i l e d  t o  occupy the  e n t i r e  sys to le ,  

with a very shor t  free i n t e r v a l  noted between i t s  end and the  a o r t a l  compon- 
en t  of  tone 11. Thus, i n  almost a l l  cases t h e  organic noise  was pansystol ic  
(see Figures 132, 134). 

As concerns t h e  durat ion of the  accidental  s y s t o l i c  noises  and t h e i r  
pos i t ion  i n  time, according t o  our observations proto- and protomesosystolic 
noises ,  i . e .  noises  occupying the  beginning port ion as well  as the  beginning 
and middle port ions o f  t h e  sys to l e  predominate over t he  base o f  t he  hear t  i n  
t h e  a t h l e t e s ,  while when recording is  made,over t h e  apex of  t h e  h e a r t ,  
t h e  proto-,  protomeso- and mesosystolic noises  predominate, noises with the  
ep icenter  over t he  apex being usua l ly  sho r t e r  than noises  with t h e  epicenter  
i n  t h e  area o f  t h e  proj.ection of  t h e  pulmonary a r t e r y  valves.  
location" of t h e  acc identa l  s y s t o l i c  noises  corresponds t o  t h a t  usua l ly  noted 
i n  the  l i t e r a t u r e .  Also, i n  addi t ion t o  these r e l a t i v e l y  sho r t  s y s t o l i c  
noises ,  we noted longer accidental  noises  i n  a t h l e t e s ,  occupying two t h i r d s  
o r  t h ree  four ths  of  t h e  sys to l e ,  sometimes recorded over  t h e  apex of t he  
h e a r t ,  and not too  r a r e l y  recorded at  t he  second i n t e r c o s t a l  space on the  
l e f t  s ide  of the  ches t .  
may simulate organic s y s t o l i c  noise  r e su l t i ng  from mitral deficiency. 
However, i f  w e  compare the  durat ion of the  various acc identa l  s y s t o l i c  noises  

/477 - 
This "time 

These r e l a t i v e l y  longer acc identa l  s y s t o l i c  noises  
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recorded with several frequency c h a r a c t e r i s t i c s  t o  t h e  durat ion of t h e  
organic mitral def ic iency noise  recorded a t  . t he  same frequency character-  
i s t i c s ,  a clear d i f fe rence  i s  seen between them, p a r t i c u l a r l y  i n  comparisons 
of  t h e  high-frequency phonocardiograms. Thus, with high-frequency,recording 
(B ) the  pansys to l ic  nature  of  t he  organic mitral def ic iency noise  is  1 
retained.  In  cont ras t  t o  t h i s ,  t h e  acc identa l  s y s t o l i c  no ises ,  even though 
they may be q u i t e  long a t  t h e  middle-frequencies, are c l e a r l y  sho r t e r  when 
recorded a t  frequency c h a r a c t e r i s t i c  B 1' 

Thus, we might consider t h a t  t h e  presence of pansys to l ic  noise  over t h e  
apex, p a r t i c u l a r l y  i f  it is recorded on t h e  high-frequency phonocardiogram, 
can be a very ser ious  argument f o r  assumption of organic m i t r a l  def ic iency.  

When t h e  phonocardiograms a r e  recorded with various frequency char- 
a c t e r i s t i c s ,  t h e  dependence of amplitude of t h e  noise  recorded on i t s  
frequency composition is  c l e a r l y  seen. 
tudes of recordings a t  a number of frequency c h a r a c t e r i s t i c s ,  w e  can pe r fom 
simple frequency ana lys i s  of t h e  noise .  Thus, i f  t h e  amplitude of  any noise  
is g rea t e s t  when recorded at c h a r a c t e r i s t i c  H and C 

when recorded a t  C2, and being absent or almost absent a t  t h e  high-frequency 

(B1) c h a r a c t e r i s t i c ,  we can consider  t h a t  i n  t h i s  case,  a low-frequency noise  

has been recorded. 

Therefore, by comparing t h e  ampli-. 

decreasing not iceably 1' 

When the  amplitude of t h e  noise  when recorded with 

c h a r a c t e r i s t i c s  C 

recording a t  t h e  lower frequency c h a r a c t e r i s t i c s ,  but even g rea t e r ,  we can 

s t a t e  t h a t  t h i s  i s  a high-frequency noise .  When t h e  noise  appears s t ronges t  

a t  t h e  medium-frequencycharacteristics (C1 and C,), it can be defined as  a 

medium-frequency noise .  

able  when recorded a t  a l l  frequency c h a r a c t e r i s t i c s ,  including t h e  high- 

frequency c h a r a c t e r i s t i c  (B1), it can be considered t h a t  t h e  noise  has a 
broad spectrum'. 

and B1 i s  not only no l e s s  than the  amplitude of t h e  2 

Fina l ly ,  i f  t h e  amplitude of t h e  noise  i s  consider- 

The inves t iga t ions  which we have performed have convinced us t h a t  when 
phonocardiograms a r e  recorded under conditions of r e l a t i v e  qu ie t ,  da t a  on t h e  
frequency composition o f  t h e  noise  a r e  q u i t e  important and a qu i t e  r e l i a b l e  
c r i t e r i o n  f o r  d i f f e r e n t i a t i o n  between acc identa l  s y s t o l i c  noise  and organic 
noise  r e s u l t i n g  from m i t r a l  def ic iency.  
accidental  s y s t o l i c  no ises  is  usua l ly  g r e a t e s t  when,recorded with t h e  middle- 
frequency c h a r a c t e r i s t i c s  (C1 and C,) , but at the'high-frequency 

The amplitude of t he  recording of 

___ . - - - - . - - - - -_ - - . - 
i- -In- d%f?ning t h e  frequency composition of a noise  by comparing t h e  ampli- 
tudes of i t s  recordings with var ious frequency c h a r a c t e r i s t i c s ,  t h e  
amplif icat ion used f o r  each c h a r a c t e r i s t i c  must be t h e  same. 
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c h a r a c t e r i s t i c  (B ) t h e  noise  i s  genera l ly  considerably weaker o r  completely 1 
absent ,  Consequently, acc identa l  s y s t o l i c  no ises  are middle-frequency 
noises .  
c l e a r l y  when recorded at  c h a r a c t e r i s t i c s  C 

recorded at the  high-frequency c h a r a c t e r i s t i c  (B1) as wel l .  

t he  broad spectrum of  organic mitral  def ic iency  noise  and ind ica t e s  t h a t  
higher  frequency components t a k e  p a r t  i n  i ts  formation. 

In  cont ras t  t o  t h i s ,  organic mitral  defec t  no ise ,  which appears very 
and C2,  i n  a l l  cases was c l e a r l y  1 

This i nd ica t e s  

As an important d i f f e r e n t i g l  c h a r a c t e r i s t i c ,  we should note a l so  t h e  
f a c t  t h a t  i n  many cases  organic  s y s t o l i c  no i se  r e s u l t i n g  from mitral 
def ic iency can be recorded a t  t h e  high-frequency c h a r a c t e r i s t i c  (B1) not only 

a t  i t s  ep icenter  over t h e  apex of t h e  h e a r t ,  but  i n  t h e  l e f t  a x i l l a r y  a rea ,  
t o  which, as we have noted, it i s  always c l e a r l y  i r r a d i a t e d .  

We emphasize the  d i f f e r e n t i a l  d iagnos t ic  value o f  t he  high-frequency 
A (B1) recording a l s o  due t o  t h e  f a c t  t h a t  it i s  not  used i n  many works. 

number of  authors  l i m i t  themselves t o  a . d e s c r i p t i o n  of da t a  produced f o r  
f o r  recordings a t  t h e  lowest frequency c h a r a c t e r i s t i c s ,  and the re fo re  f a i l  
t o  give the  proper s ign i f i cance  t o  an evaluat ion of t h e  frequency compositim 
of  t h e  noise .  

On the  bas i s  of  t h e  above, we consider  t h a t  t he  diagnosis and d i f f e r -  
e n t i a l  diagnosis o f  var ious s y s t o l i c  no ises  cannot be performed using phono- 
cardiographs with l eve r  type recorders  (pen reco,rders,  heat recorders  and 
o t h e r  apparatus whose recording system l i m i t s  t h e  pass band t o  f requencies  up 

, t o  100-150 Hz o r  lower). 

Phonocardiographic d i f f e r e n t i a t i o n  of acc identa l  s y s t o l i c  no ises  from 
organic  mitral no ises  can a l s o  be g r e a t l y  aided by the  evaluat ion o f  t h e  form 
o f  t h e  noise .  
t i o n  of t h e  noise ,  it should be r eca l l ed  t h a t  t h e  graphic  configurat ion of 
t h e  noise  is  notably influenced by t h e  frequency c h a r a c t e r i s t i c  o f  t h e  
recording. Therefore, here  a l s o  we must cons tan t ly  consider t he  frequency 
range o f  t h e  recording, and i n  comparing t h e  forms of var ious noises  we must 
use  only phonocardiograms with i d e n t i c a l  frequency c h a r a c t e r i s t i c s .  
change i n  the  form of the  graphica l ly  recorded noise  o s c i l l a t i o n s  when 
var ious frequencies  a r e  used can be demonstrated on the  example of  t he  
organic  mitral  def ic iency  noise .  
sys to l e ,  it is genera l ly  a decrescendo noise  when recorded at a l l  frequency 
c h a r a c t e r i s t i c s  (see Figure 132). The pansys to l ic  mitral def ic iency noise ,  
when recorded a t  a l l  frequency c h a r a c t e r i s t i c s ,  i s  most f requent ly  recorded 
as a band-shaped, and l e s s  f requent ly  as a decrescendo o r  crescendo noise  
from tone I t o  tone I1 (see Figure 132). Also, f requent ly  a t  lower frequency 
c h a r a c t e r i s t i c s  t h e  pansys to l ic  noise  i s  recorded as a band-shaped o r  
decrescendo noise ,  while at  higher  frequency c h a r a c t e r i s t i c s  a c l e a r  t e l e -  
s y s t o l i c  crescendo o f  t h e  noise  is  noted. 

In  t h i s  r e spec t ,  as i n  evaluat ion of t he  amplitude and dura- 
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The 

If t h i s  no ise  does not occupy t h e  e n t i r e  

These changes i n  the  configurat ion 
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of t h e  noise ,  revealed by recordings a t  various frequency cha rac t e r i s t i c s ,  
can be  r e l a t e d  t o  t h e  change i n  the  frequency composition over t he  course o f  
t he  noise.  

In  s p i t e  of t h e  fact  t h a t  organic mitral  def ic iency noise  may vary 
widely i n  i t s  configurat ion (band-shaped, decrescendo, crescendo) a c l ea r ly  
out l ined  oval (funnel-shaped) or p a r t i c u l a r l y  rhomboid form i s  not char- 
ac te r i s t ic  f o r  it ( a t  any frequency range of  recording).  In  cont ras t  t o  
t h i s ,  accidental  s y s t o l i c  noises  may have no d e f i n i t e  configuration, being 
recorded on the  phonocardiogram as noncharac te r i s t ic  o s c i l l a t i o n s  of  varying 
amplitude, or may approach t h e  decrescendo shape, but they are frequent ly  
recorded a s  a more or less c l e a r l y  expressed rhomboid or spindle .  

Pa r t i cu la r ly  f requent ly ,  the  spindle-shaped configuration appears with 
so-cal led musical accidental  s y s t o l i c  noises  (see Figure 133). Since various 
inves t iga to r s  i n t e r p r e t  t he  s ign i f icance  of t h e  musical nature  of t h e  noise  
d i f f e r e n t l y ,  we should d iscuss  t h i s  problem fu r the r .  

Comparatively recent ly ,  p a r t i c u l a r l y  i n  t h e  years  preceding t h e  broad 
introduct ion of  phonocardiography t o  c l i n i c a l  p rac t i ce ,  the  opinion was 
commonly held t h a t  t h e  discovery of  a musical hea r t  noise  was a c l ea r  
ind ica t ion  of organic (general ly  valve) pathology. 
on da ta  of auscul ta t ion ,  has not only been seen i n  the  works of individual  
inves t iga tors ,  but has been presented i n  textbooks and guides on cardiology. 
Even i n  some inves t iga t ions  performed i n  recent  years ,  f o r  example t h e  
monograph of I .  A. Kassirskiy and G .  I .  Kassirskiy (1964), it is  s t a t e d  t h a t  
musical noises ,  "as a rule  are valve type organic noises ,"  and t h a t  "in most 
cases musical noises  are combined with valve noises  and t h e i r  o r ig in  i s  
r e l a t e d  t o  a valve defect" and, f i n a l l y ,  t h a t  "musical s y s t o l i c  noises  are 
a r a t h e r  r e l i a b l e  d iagnos t ic  ind ica tor  of mitral  def ic iency,  s ince  they 
general ly  ind ica t e  an organic defect ."  These authors consider it necessary 
t o  d i f f e r e n t i a t e  these musical noises  only from one form of nonvalve noise ,  
namely from ext racard iac  cardiopulmonary noise .  

This point  of view,' based 
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However, i n  addi t ion  t o  t h i s  evaluat ion o f  musical hear t  noises ,  t he re  
i s  another opinion, based t o  a considerable ex ten t  on t h e  da t a  of phono- 
cardiography. 
ca l l ed  musical, it must correspond t o  q u i t e  p rec i se  requirements. A musical 
noise  i s  only a noise  which i s  present on the  recording as a true s ine  wave 
o s c i l l a t i o n  of 150-100 Hz or l e s s  (low-frequency musical noise)  or 300-500 H z  
or more (high-frequency musical noise) .  Holldack and Wolf (1958 and l a t e r )  
i nd ica t e  t h a t  musical hea r t  no ises  may be e i t h e r  organic or accidental .  
o r g a n i c h e a r t  noises  w i l l  have a low-frequency musical character  only as a 
r a r e  exception. A t  t h e  same t i m e ,  musical (pa r t i cu la r ly  low-frequency 
musical) no ises ,  i n  t h e  opinion of Holldack and Wolf, are c h a r a c t e r i s t i c  f o r  
accidental  s y s t o l i c  noises  and are an important i nd ica to r  of  these  noises i n  
chi ldren.  The musical na ture  of c e r t a i n  acc identa l  s y s t o l i c  noises ,  p a r t i c -  
u l a r l y  f requent ly  the  S t i l l  no ise  (v ibra t iona l  noise) has been noted by a 
number of authors (M. Luts e t  a l . ,  1964; P. S. Moshich, 1965; Vogelpoel 
e t  a l . ,  1959; Castle, Durham, 1961; e t c . ) .  Some inves t iga to r s  (RuDusky, 

In  order  f o r  a noise  recorded on a phonocardiogram t o  be 
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1963) include the  d e f i n i t i o n  of  "musicality1' among those c h a r a c t e r i s t i c s  
which they use i n  t h e  d i f f e r e n t i a t i o n  o f  acc identa l  s y s t o l i c  no ises  from 
organic  noises .  

On t h e  b a s i s  of our orjn inves t iga t ions ,  we f u l l y  and completely agre'e 
which mani- with t h e  opinion of t h e  authors  j u s t  presented. 

f e s t s  i t s e l f  c l e a r l y  at t h e  medium frequencies ,  i s  one o f  t h e  most important,  
f requent ly  dec is ive  c h a r a c t e r i s t i c s  o f  acc identa l  s y s t o l i c  no ises .  
no ises  are p a r t i c u l a r l y  f requent ly  noted i n  ch i ldren  o f  preschool or primary 
school age. The "musicality" o f  a s y s t o l i c  no ise  can be noted throughout i t s  
e n t i r e  durat ion.  Sometimes, one or seve ra l  groups of s inusoida l  o s c i l l a t i o n s  
arise during the  course of  a noise ,  giving t h e  impression o f  a musical chord 
i n  auscul ta t ion .  

These 

In addi t ion  t o  the  acknowledgment o f  t h e  very frequent presence of 
acc identa l  musical s y s t o l i c  no ises ,  we should emphasize t h a t ,  although w e  
have a l s o  inf requent ly  heard musical no ises  with c e r t a i n  organic  h e a r t  
defec ts ,  none of t h e  many phonocardiograms which we have recorded f o r  
p a t i e n t s  with pure mitral. def ic iency or combined mitral de fec t s  (chi ldren,  
adolescents ,  adu l t s ,  a t h l e t e s  and nonathletes)  has  the  organic  s y s t o l i c  * 
no i se  appeared musical. 
high frequencies ("disordered frequency charac te r , "  according t o  
M. N. Tumanovskiy and Yu. D.  Safonov, 1964) and var ious amplitudes, organic  
mitral def ic iency noise  was never f u l l y  present  as  t r u e  high-frequency or 
low-frequency s inusoida l  o s c i l l a t i o n s  (only i n  one case  during pansys to l ic  
no ise  were two shor t  groups of r egu la r  o s c i l l a t i o n s  de tec ted) .  
never noted musica l i ty  o f  t h i s  no ise  i n  auscu l t a t ion .  
could be def ined as blowing, "pouring," c l e a r l y  high-frequency. 

Including o s c i l l a t i o n s  o f  variou,s, p a r t i c u l a r l y  

We have a l s o  
Usually, such noises  

The da ta  which we have produced agree with the  r e s u l t s  of t h e  inves t iga-  
t i o n s  of Holldack and Wolf (1964) who s t a t e  t h a t  "with mitral def ic iency 
involving c a l c i f i c a t i o n  of t h e  valve sur face ,  musical noises  should be heard 
more frequent ly ,"  although they do note:  
our  expe.rience. 

"This has not been confirmed by 

Analyzing and comparing var ious c h a r a c t e r i s t i c s  of  acc identa l  s y s t o l i c  
no ises  and organic  mitral def ic iency  noise ,  we should ind ica t e  t h a t  phono- 
cardiographic recording q u i t e  f requent ly  shows c l e a r  v a r i a b i l i t y  of  t h e  
former from cycle  t o  cycle ,  as wel l  as with the  phase o f  r e sp i r a t ion .  

The change i n  acc identa l  s y s t o l i c  no ises  from cycle  t o  cycle  is  
expressed i n  t h a t  t h e i r  configurat ion may vary r a t h e r  c l ea r ly .  Noise 
appearing i n  one cyc le  as a c l e a r l y  out l ined  sp indle  with no marked peak i n  
amplitude may appear i n  another cycle as near  rhomboid i n  form, and i n  t h e  
t h i r d  cyc le  may have a configurat ion near  decrescendo. In  var ious cycles ,  
t h e  loca t ion  of t h e  amplitude peak of t h e  noise  may vary,  as well  as the  
loca t ion  of t h e  group o f  musical o s c i l l a t i o n s ,  i f  such a group i s  present .  
Also, c e r t a i n  va r i a t ions  i n  t h e  t o t a l  durat ion and amplitude of t h e  noise  may 
be noted. Respi ra t iory  changes i n  acc identa l  s y s t o l i c  no ises  f requent ly  
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appear as a c l e a r  decrease 
a t ion  phase as compared t o  

i n  the  amplitude and duration during the inhal-  
t h e  exhalation phase. 

A s  concerns organic mitral def ic iency noise,  i t s  general  configuration 
does not change markedly from cycle  t o  cycle. 

/482 Sharp changes i n  amplitude a r e  a lso generally not seen, and the  - 
durat ion o f  t h i s  noise  general ly  does not vary a s  a funct ion of r e s p i r a t i o n  
phase. 

In addi t ion t o  a l l  of t h e  d i f fe rences  between accidental  s y s t o l i c  noises  
and organic mitral def ic iency noise,  t h e i r  d i f f e r e n t i a t i o n  can a l so  be 
f a c i l i t a t e d  by evaluation of t h e  changes i n  i n t e n s i t y  of t he  noise  during 
e x t r a s y s t o l i c  arhythmia. This was first noted by Holldack and Wolf (1960). 
As these  authors note,  t h e  i n t e n s i t y  of accidental  s y s t o l i c  noises  decreases 
during e x t r a s y s t o l i c  contract ions,  then not iceably increases  i n  the  post-  
e x t r a s y s t o l i c  cycles following t h e  compensatory pause. In  cont ras t  t o  t h i s ,  
organic mitral  deficiency noise  does not  change not iceably i n  the  ex t ra -  
s y s t o l i c  and pos tex t rasys to l ic  contract ions.  

The da ta  which we have produced confirm t h i s  statement. The c l e a r  
change i n  the  i n t e n s i t y  and durat ion of accidental  s y s t o l i c  noises  during 
e x t r a s y s t o l i c  arhythmia emphasize t h e i r  r e l a t i o n s h i p  t o  the  volume per  bea t .  

A s  one of t h e  cha rac t e r i s t i c  d i f f e r e n t i a l  s igns ,  frequent usage i s  made 
of t h e  r e l a t i o n s h i p  of t he  beginning of a noise  t o  tone I of the  hea r t .  
According t o  the  da ta  of  a number of inves t iga tors  (R. D.  Dibner, 1960, 
1962, 1963; A. L .  Mikhnev e t  a l . ,  1963; Holldack, Wolf, 1958 and l a t e r ;  
e t c . ) ,  accidental  s y s t o l i c  noises  i n  most cases a r e  separated from tone I by 
a r a t h e r  shor t  i n t e rva l  (from 0.02 t o  0.08 sec) .  Certain authors 
(G.  M. Slutskaya, 1963; A. G .  K i m ,  1964; e t c . )  note  t h a t  accidental  s y s t o l i c  
noises  f a l l  d i r e c t l y  adjacent t o  tone I i n  only a f e w  cases.  

We do not have s u f f i c i e n t  bas i s  t o  consider t he  presence of t h i s  i n t e r -  
val  as a constant i n d i c a t o r  of accidental  s y s t o l i c  no ises ,  s ince  i n  a large 
number of cases,  the  phonocardiograms of heal thy persons have shown a d i r e c t  
t r a n s i t i o n  from the  f i n a l  o s c i l l a t i o n s  of tone I t o  the  i n i t i a l  o s c i l l a t i o n s  
of acc identa l  noise.  Since, however, organic mitral  def ic iency noise  always 
contacts  tone I or (with higher frequency recordings) even replaces it, the  
presence of an i n t e r v a l  between tone I and the  beginning of t he  noise  can be 
used as a bas i s  t o  i n t e r p r e t  t he  noise as  accidental .  Thus, t he  value of 
t h i s  d i f f e r e n t i a l  c r i t e r i o n  is r e l a t i v e :  
tone 1. and the  beginning of t h e  noise  may ind ica t e  against  organic mitral 
deficiency, but t he  absence can hardly exclude accidental  s y s t o l i c  no ise  and 
does not necessar i ly  ind ica t e  t h a t  t h e  noise  i s  organic i n  nature .  
beginning of  t he  accidental  s y s t o l i c  noise  immediately a f t e r  tone I w a s  noted 
more frequent ly  d i r e c t l y  over t h e  pulmonary a r t e r y  and l e s s  f requent ly  over 
the  apex of t h e  hear t  or i t s  center .  

f requent ly  than the  o ther  accidental  s y s t o l i c  noises.  

t h e  presence of an in t e rva l  between 

The 

/483 The ap ica l  and paras te rna l  musical 
noises  were separated from tone I by a r a t h e r  clear free i n t e r v a l  more - 
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Many authors ,  d i f f e r e n t i a t i n g  var ious s y s t o l i c  no ises ,  i n d i c a t e  the  
r e t en t ion  o f  tone I over t h e  apex of t h e  hea r t  with acc identa l  noises  and i ts  
weakening i n  cases o f  organic mitral  def ic iency.  
graphic inves t iga t ions  have ind ica ted  t h a t  i n  p a t i e n t s  with organic  mitral 
def ic iency ,  tone I may be r e t a ined  and weakened only i n  t h e  more expressed 
s t ages  of  t h e  defec t .  
persons with r e l a t i v e l y  elongated a t r i o v e n t r i c u l a r  conduct ivi ty  has been 
noted (A. B. Belotgerkovskiy, 1965; Holldack, Wolf, 1956; Ueda e t  a l . ,  1961). 
Thus, according t o  t h e  d a t a  of  Z .  B. Belotserkovskiy, produced i n  t h e  
examination o f  hea l thy  a t h l e t e s ,  a p e r t i c u l a r l y  c l e a r  decrease i n  the  
amplitude o f  tone I was noted i n  persons with a P-Q i n t e r v a l  on t h e  e l e c t r o -  
cardiogram exceeding 0.175 sec ;  i n  approximately one four th  of  these  test  
sub jec t s ,  no tone I o s c i l l a t i o n s  were noted on t h e  high-frequency phono- 
cardiogram. 

However, phonocardio- 

A t  t h e  same time, a weakening o f  tone I i n  hea l thy  

In  p a t i e n t s  with mitral def ic iency,  we'noted a weakening of tone I a l s o  

Thus, evaluat ion o f  t he  i n t e n s i t y  of  tone I over t h e  apex 
only i n  those cases  when elongation of t h e  P-Q i n t e r v a l  was noted on t h e  
electrocardiogram. 
of  t h e  hea r t  is  not  an e s s e n t i a l  c r i t e r i o n  f o r  d i f f e r e n t i a t i o n  of t hese  
s y s t o l i c  noises .  

The more or l e s s  manifest  accentuat ion and s p l i t t i n g  of tone I1 over t h e  
pulmonary a r t e r y  cannot be used as a c l e a r  i n d i c a t o r  f o r  t h i s  type of 
d i f f e r e n t i a t i o n ,  nor can the  presence o f  tone I11 over the  apex of t h e  h e a r t ,  
s i n c e  they are r a t h e r  f requent ly  encountered not only with mitral def ic iency ,  
but a l s o  i n  persons with acc identa l  noises .  
tone I1 with an i n t e r v a l  between i t s  components mainly from 0.025 t o  
0.045 sec  has been q u i t e  f requent ly  observed on t h e  ghonocardiograms of 
hea l thy  a t h l e t e s .  
t i o n  with t h e  t e s t  subjec t  on h i s  l e f t  s i d e  was detected by u s  i n  95% of  
young a t h l e t e s  s tudied.  

In  p a r t i c u l a r ,  t he  s p l i t t i n g  of 

Tone I11 i n  t h e  a rea  of t h e  apex hea r t  i n  t h e  posi-  

Functional Tests i n  t h e  Di f fe ren t ia t ion  of Sys to l i c  Noises 

Even carefu l  phonocardiographic inves t iga t ion  does not  always make it 
poss ib l e  t o  answer c l e a r l y  t h e  question: 
a r e l i a b l e  ind ica to r  o f  mitral  def ic iency or should it be considered 
acc identa l?  In  these  cases ,  it i s  useful  t o  s tudy t h e  d e t a i l s  of t h e  
acous t i c  p i c t u r e  of  t h e  h e a r t  not only i n  t h e  s t a t e  of r e l a t i v e  qu ie t ,  but  
a l s o  with var ious physiological  inf luences.  

may a given noise  be looked upon as 

- /484 

In  order  t o  a id  d i f f e r e n t i a l  diagnosis  of var ious s y s t o l i c  no ises  and 
t h e i r  proper i n t e r p r e t a t i o n ,  t h e  study of  t he  a l t e r e d  sounds of t he  hea r t  
produced i n  var ious func t iona l  tests,  most commonly t h e  tests i n  which t h e  
pos i t i on  of t h e  body is changed or physical  loading i s  appl ied and l e s s  
f requent ly  c e r t a i n  pharmacological t e s t s ,  a r e  broadly used. However, it i s  
necessary t o  note  t h a t  t h e  da t a  ava i l ab le  i n  the  l i t e r a t u r e  on t h i s  quest ion,  
produced by aucsul ta t ion ,  a r e  contradictory,  and phonocardiographic 
inves t iga t ions  are few. In  the  area of spo r t s  cardiology, i n  p a r t i c u l a r  
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domestic spor t s  cardiology, t he re  are very few works dedicated t o  phono- 
cardiographic ana lys i s  o f  t h e  changes i n  accidental  s y s t o l i c  noises  o f  t he  
hea r t  during c e r t a i n  funct ional  tests (Ya. I .  Ul'brikh, 1960; R. D. Dibner, 
1960, 1962; V. V. Solov'yev and V. V. Bulychev, 1962; A. G.  K i m ,  1964). As 
concerns comparison o f  t h e  changes of  acc identa l  noises  i n  a t h l e t e s  with t h e  
changes i n  organic mitral def ic iency noise  during c e r t a i n  functional t e s t s ,  
w e  can only point  out t h e  inves t iga t ions  o f  R. D. Dibner (1962, 1963). 

Considering the  contemporary s ta te  o f  the  problem o f  d i f f e r e n t i a l  
diagnosis of various s y s t o l i c  hea r t  noises  and i ts  grea t  s ign i f icance  i n  
spor t s  medical p rac t i ce ,  w e  performed a spec ia l  phonocardiographic analysis  
and comparison o f  changes i n  accidental  s y s t o l i c  noises  and organic mitral 
def ic iency noise  during a number of funct ional  tes ts .  

The funct ional  phonocardiography consis ted o f  a comparison of t h e  
acous t ica l  p i c t u r e  of  t h e  hea r t  recorded a t  rest with t h e  changes i n  t h i s  
p i c tu re  i n  response t o  changes i n  the  body pos i t i on  ( ro ta t ion  t o  t h e  l e f t  
s ide  and o r t h o s t a t i c  t e s t ) ,  with physical loading (20 deep knee bends during 
20-25 sec ) ,  as well as t h e  t e s t  of  inha la t ion  o f  amyl n i t r i t e  vapors. In  
our inves t iga t ions ,  the  changes i n  the  sounds of t h e  hea r t  i n  response t o  t h e  
tests were recorded using two iden t i ca l  microphones, one of which was 
i n s t a l l e d  over t h e  apex of t h e  hea r t ,  the  o the r  -- i n  t he  second i n t e r c o s t a l  
space along the  l e f t  edge of t h e  thorax. This synchronous recording allows 
us  t o  produce r e l i a b l e  phonocardiographic c h a r a c t e r i s t i c s  of the  hea r t  noises  
over t he  project ions of var ious valves and thereby t o  c l a r i f y  t o  some extent  
whether they are independent or conductive. 

The tes t  with ro t a t ion  t o  the  l e f t  s i d e  general ly  showed no clear 
d i f fe rences  i n  t h e  degree and d i r ec t ion  of  changes o f  t he  acous t ica l  f ea tu re s  
of t h e  hea r t  i n  test  subjec ts  with accidental  no ises  i n  comparison t o  those 
who were found t o  have organic mi t r a l  def ic iency noise .  

The only changes noted were an increase i n  t h e  amplitude and durat ion of - /485 
t h e  hear t  tones and of s y s t o l i c  noise.  

With t h e  t e s t  subjec ts  i n  the  standing pos i t i on  i n  most cases tone I 
became st ronger ,  which was t r u e  both of persons with accidental  s y s t o l i c  
noises  and of persons with organic defec ts .  The changes i n  tone I1 were 
i r r egu la r ;  tone I11 was not  recorded i n  a s i n g l e  case with the  tes t  subjec ts  
i n  the  standing pos i t ion .  

The change i n  t h e  i n t e n s i t y  and durat ion of  noises  a s  t he  tes t  subjec t  
is  s h i f t e d  t o  t h e  ver t ica l  pos i t ion  i s  qu i t e  important for d i f f e r e n t i a t i o n .  
In  the  overwhelming majori ty  of cases, acc identa l  no ises  disappeared o r  t h e i r  
amplitude and durat ion decreased markedly (Figure 133). Organic mitral 
def ic iency noise  re ta ined  i ts  pansys to l ic  na ture  i n  t h e  v e r t i c a l  pos i t ion  o f  
t h e  test  subjec t ,  while i t s  amplitude, i f  it d i d  decrease,  decreased t o  a 
lesser extent  than the  amplitude of acc identa l  noises .  
fact t h a t  i n  many cases with t h e  t e s t  subject  i n  the  standing pos i t ion ,  

We should note  the  
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organic mi t r a l  def ic iency noise  not  only d id  not decrease,  but even became 
more in t ens ive  than when recorded i n  t h e  ly ing  pos i t i on  (see Figure 134). 

There i s  doubt less  i n t e r e s t  i n  phonocardiographic comparison of changes 
i n  h e a r t  noises  with organic mitral def ic iency noise  t o  changes i n  the  
acous t ica l  p i c tu re  with acc identa l  s y s t o l i c  no ises  i n  response t o  t h e  t e s t  
with physical  loading. The inves t iga t ions  performed showed t h a t  a f t e r  
physical  loading t h e  amplitude of tone I constant ly  increased, which was t r u e  
both o f  persons’with acc identa l  no ises  and of  subjec ts  with organic m i t r a l  
deficiency noise .  The changes i n  t h e  amplitude of tone 11, as i n  t h e  test  
with varying body pos i t i on ,  were not constant .  
tone I11 was observed i n  a l a r g e r  percentage of cases than on t h e  phono- 
cardiograms at r e s t .  

After physical  loading, 

I ts  amplitude genera l ly  increased. 

The durat ion of acc identa l  s y s t o l i c  noises  after loading increased 
r e l a t i v e l y ,  while t h e  i n t e r v a l  between t h e  end of t h e  noise  and beginning of 
tone I1 became shor t e r .  
a f t e r  loading. 

Organic mitral def ic iency noise  remained pansys to l ic  

The amplitude of s y s t o l i c  noise ,  both accidental  and organic,  after 
physical  loading increased r egu la r ly  (see Figures 133, 134). However, t h e ”  
degree o f  t h e  increase of acc identa l  no ises  was considerably g rea t e r  than 
t h a t  of organic  noises .  Thus, whereas organic  m i t r a l  def ic iency noise  
increased a f t e r  loading by genera l ly  up t o  70% of  i t s  i n i t i a l  value,  t h e  
increase i n  t h e  amplitude of an acc identa l  noise  under these condi t ions was 

The increase i n  noise  was 
p a r t i c u l a r l y  sharp f o r  recordings over t h e  pulmonary a r t e ry .  
t h e  r e s u l t s  which w e  produced confirmed da ta  on increased amplitudes of acci-  
denta l  s y s t o l i c  noises  a f t e r  loading. 

/486 genera l ly  markedly g rea t e r  (from 70 t o  300%). - 
Thus, 

On t h e  bas i s  of  t h i s ,  we assume t h a t  t h e  physical  loading tes t  cannot be 
used as a r e l i a b l e  c r i t e r i o n  f o r  d i f f e r e n t i a l  diagnosis  of acc identa l  
s y s t o l i c  noises  from organic m i t r a l  def ic iency noise ,  s ince  t h e  influence on 
these  noises  moves i n  t h e  same d i r ec t ion ,  and t h e  d i f fe rence  i n  the  reac t ion  
i s  only quan t i t a t ive .  

In  seeking a func t iona l  t e s t  which could allow q u a l i t a t i v e  differences 
t o  be determined i n  t h e  reac t ion  of organic m i t r a l  def ic iency noise  and t h a t  
of accidental  s y s t o l i c  no ises  i n  a t h l e t e s ,  we considered t h e  t e s t  with 
inha la t ion  of amyl n i t r i t e  vapors. I t  should be noted t h a t  i n  1961, when we 
began t o  use amyl n i t r i t e  f o r  d i f f e r e n t i a l  diagnosis  of various s y s t o l i c  
no ises ,  and up t o  t h e  present  time, w e  have not  succeeded i n  f inding a s ing le  
repor t  dedicated t o  t h e  usage of t h i s  func t iona l  tes t  i n  the  p r a c t i c e  of 
s p o r t s  medicine. Furthermore, even c l i n i c a l  da t a  ind ica t ing  t h e  value of  
u t i l i z a t i o n  of amyl n i t r i t e  f o r  t h e  diagnosis  and d i f f e r e n t i a l  diagnosis o f  
hear t  noises ,  has begun t o  appear i n  spec ia l  guides on phonocardiography and 
auscul ta t ion  only s ince  1960-1963 (Holldack, Wolf, 1960; Zuckerman, 
1963). 
(Morison). - In the  domestic l i t e r a t u r e ,  only q u i t e  r ecen t ly  have individual  
r epor t s  begun t o  appear (G.  K. Korchan, 1963, 1965; P .  S. Moshchich, 1963, 

However, t h e  .first work dedicated t o  t h i s  problem was wr i t t en  i n  1918 
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1965; E.  Sh. Khalfen, 1964), i n  which t h e  authors present  t h e i r  own d a t a  on 
c l i n i c a l  s tud ie s  of  t h e  r eac t ion  of  hea r t  noises  t o  t h e  amyl n i t r i t e  t e s t .  

The b a s i s  f o r  t h e  u t i l i z a t i o n  of t h e  t e s t  involving inha la t ion  'of amyl 
n i t r i t e  vapors f o r  d i f f e r e n t i a l  diagnosis of acc identa l  s y s t o l i c  no ises  from 
organic mitral def ic iency noise  was f o r  us  t h e  inves t iga t ion  of Kahler 
(1932), Barlow and Shi l ingford (1958), Vogelpoel e t  a l .  (1959 and l a t e r ) ,  
Endrys and Bartova (1960-1961). According t o  the  da t a  of these  authors,  t h e  
inha la t ion  of amyl n i t r i t e  vapors r e s u l t s  i n  a c l e a r  d i f fe rence  i n  t h e  
reac t ion  of t he  noises  of  expulsion and regurg i ta t ion ,  i f  t h e  l a t t e r  is 
r e l a t e d  t o  the  l e f t  segment of t h e  hea r t .  The regurg i ta t ion  noise  from 
organic mitral def ic iency weakens i n  t h e  t e s t ,  which is a r e su l t  of t he  g rea t  
and rapid decrease i n  a r t e r i a l  p ressure  and, consequently, decrease i n  t h e  
intake r e s i s t ance  of t he  systemic c i r cu la t ion .  Noises of  expulsion during 
t h i s  t e s t  become s t ronger ,  due t o  t h e  increased ra te  of emptying of t h e  
ven t r i c l e .  

/487 - Considering t h i s  type of  da ta ,  we turned p a r t i c u l a r  a t t en t ion  t o  t h e  
amyl n i t r i t e  t e s t  and ana lys i s  of the  r e s u l t s  produced i n  t h i s  tes t .  

The inves t iga t ions  which we performed showed t h a t  following t h e  inhala-  
t i o n  of amyl n i t r i t e  ( f ive  deep breaths  i n  15 sec ) ,  a c l e a r  increase  i n  t h e  
amplitude of tone I and a not iceable  decrease i n  t h e  amplitude of tone I1 a r e  
observed. Tone changes of t h i s  type appear both i n  persons with acc identa l  
noises  and i n  t e s t  subjec ts  with organic mitral def ic iency noise .  
w i t h  accidental  no ises ,  i n  addi t ion  t o  t h i s ,  a reinforcement of tone 111 i s  
noted, and i n  some cases t h i s  tone appears although tone I11 was not 
present  on t h e  i n i t i a l  phonocardiogram. 

Persons 

The reac t ion  of accidental  s y s t o l i c  noises  and organic mitral  def ic iency 
noise  t o  the  inha la t ion  of amyl n i t r i t e  vapors d i f f e r s  q u a l i t a t i v e l y .  
amplitude of  acc identa l  s y s t o l i c  noises  increases  markedly i n  a l l  cases,  
exceeding t h e  i n i t i a l  amplitude by an average of 2 1 / 2  times. 
of these  noises  a l so  increases .  The in t e rva l  from the  noise  t o  tone I 1  
regular ly  decreases.  The c l e a r e s t  increase i n  amplitude of accidental  noises  
i s  noted during t h e  f irst  20 s ec  following completion of inha la t ion  (see 
Figure 133). 

The 

The durat ion 

In cont ras t  t o  t h e  increase i n  the  i n t e n s i t y  of  accidental  s y s t o l i c  
no ises ,  t h e  amplitude of organic mitral deficiency noise  decreases a f t e r  
inha la t ion  o f  amyl n i t r i t e ,  which i s  p a r t i c u l a r l y  c l e a r l y  seen i n  t h e  second 
h a l f  o f  t he  sys to l e .  
t he  amplitude of t h e  noise  i s  sometimes seen, although the  degree of t h i s  
increase i s  c l e a r l y  less than i n  the  case of accidenta1,noises  ( the  amplitude 
exceeds the  i n i t i a l  amplitude by not more than h a l f ) .  
pansys to l ic  no ise  decreases i n  t h e  second h a l f  of the sys to l e  by more than 
two'times i n  comparison with t h e  i n i t i a l  amplitude. In  many cases i n  t h e  
last  t h i r d  of t h e  s y s t o l e  t h e  noise  disappears completely, which r e s u l t s  i n  a 
shortening of t h e  t o t a l  durat ion of t h e  noise .  

During t h e  f irst  h a l f  of t he  sys to l e ,  an increase i n  

The amplitude of t h e  

These changes i n  t h e  noise  
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a r e  most c l e a r l y  seen during t h e  f irst  20 sec  after completion of t h e  
inha la t ion  cycle  (see Figure 134).  

Thus, we can conclude t h a t  although it  is  necessary i n  each case of 
d i f f e r e n t i a l  diagnosis  between acc identa l  s y s t o l i c  no ises  and organic  mitral 
def ic iency noise  t o  consider t h e  e n t i r e  complex of  phonocardiographic 
c h a r a c t e r i s t i c s  i n  t h e  acous t i ca l  p i c t u r e  of t h e  h e a r t ,  some o f  t hese  
c h a r a c t e r i s t i c s  can .serve as q u i t e  r e l i a b l e  and constant  c r i t e r i a ,  facil- 
i t a t i n g  proper evaluat ion o f  t h e  noise .  
c h a r a c t e r i s t i c  of  t h e  noise ,  t h e  d i r e c t i o n  o f  i t s  i r r a d i a t i o n  and i n  most 
cases t h e  durat ion of t h e  noise .  An evaluat ion of  the  loca t ion  o f  t he  
ep icenter  o f  t he  noise  and i t s  Configuration, t h e  r e l a t ionsh ip  between t h e  
beginning of t h e  noise  and tone I of t h e  hea r t ,  as well  as i t s  appearance on 
t h e  phonocardiogram as t r u e  s inusoida l  o s c i l l a t i o n s  can be a s i g n i f i c a n t  a i d  
i n  d i f f e r e n t i a t i o n .  

These c r i t e r i a  include t h e  frequency 

/488 - 

Organic mitral def ic iency  i s  charac te r ized  by a no i se  which cons tan t ly  
and c l e a r l y  appears i n  t h e  high-frequency phonocardiogram, covering the  
e n t i r e  s y s t o l e  (pansys to l ic ) ,  merged with tone I of  t he  h e a r t  and e a s i l y  
t r aced  from i t s  ep icenter  over t h e  apex t o  t h e  l e f t  a x i l l a r y  area.  The 
configurat ion of t h i s  no ise  may be e i t h e r  band-shaped o r  decreasing, o r  even 
increasing from tone I' t o  tone 11. 

Accidental s y s t o l i c  no ises ,  appearing more o r  l e s s  c l e a r l y  i n  t h e  
recording with t h e  middle-frequency c h a r a c t e r i s t i c ,  a r e  sharply weaker i n  t h e  
high-frequency c h a r a c t e r i s t i c ,  o r  disappear e n t i r e l y .  Their  ep icenter  may be 
located e i t h e r  i n  t h e  a rea  of t h e  pulmonary a r t e r y  o r  over t he  apex o r  medial 
po r t ion ,  although they never i r r a d i a t e  c l e a r l y  i n t o  t h e  l e f t  a x i l l a r y  a rea .  
These noises  a r e  not pansys to l ic  and, covering a t  a maximum up t o  one t h i r d  
t o  t h r e e  four ths  of t h e  sys to l e ,  a r e  genera l ly  loca ted  i n  t h e  proto-,  
protomeso- and mesosystole. 
configurat ion,  changing from cycle  t o  cycle and as a funct ion of  t h e  phase of 
r e s p i r a t i o n ,  however q u i t e  f requent ly  they a r e  recorded as more o r  less w e l l  
defined rhomboids o r  sp indles .  For many acc identa l  noises ,  mus ica l i ty  i s  
c h a r a c t e r i s t i c ,  manifesting i t s e l f  i n  t h e  phonocardiogram as t r u e  s inusoida l  
o s c i l l a t i o n s ,  p a r t i c u l a r l y  c l e a r l y  expressed when recorded a t  t h e  middle- 
frequency c h a r a c t e r i s t i c .  
i n t e r v a l  between the  beginning of  t h e  noise  and tone I of t he  hea r t  i s  an 
important,  although hardly constant  c h a r a c t e r i s t i c  o f  acc identa l  s y s t o l i c  
noises .  

Accidental s y s t o l i c  no ises  may have no c l e a r  

The presence of  a more o r  l e s s  c l e a r l y  expressed 

In cases  when d i f f e r e n t i a t i o n  between 'accidental  s y s t o l i c  no ises  and 
organic  mitral def ic iency noi'se i s  d i f f i c u l t  a t  r e s t ,  it seems use fu l  and 
important t o  use  func t iona l  phonocardiography. 

The inves t iga t ions  which have been performed have shown t h a t  t h e  most 
valuable  of  t h e  var ious func t iona l  t e s t s  ava i l ab le  i s  the  t e s t  using 
inha la t ion  of  amyl n i t r i t e ,  s ince  it allows constant ,  c l e a r  and, which i s  
most important, q u a l i t a t i v e  d i f fe rences  i n  t h e  r eac t ion  o f  akcidental  
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systolic noises and organic mitral deficiency noise to be revealed. 
purposes can be served to a lesser extent by the orthostatic test. 

These 

The usage of the test with physical loading for differentiation of acci- 
dental systolic noises from organic mitral deficiency noise is not effective. 
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CHAPTER XV 

ORGANIZATION OF CARDIOLOGICAL SERVICE IN 
SPORTS M E D  1 C I N E  

ABSTRACT. The combined methodology of medical examination 
of those involved in sports is based on broad utilization 
of various methods allowing complete determination of the 
functional capacities of the organism. A system of the 
cardiological service in sports medicine includes sports 
dispenseries, per.iodic obligatory physical examinations of 
all athletes and the organization of scientific investiga- 
tions. The organization of this system i s  described, and 
needs for its future development are noted. 

Physical c u l t u r e  and s p o r t s  a r e  deeply embedded i n t o  t h e  d a i l y  l i f e  ;of - /489 
Soviet  man. 
involved i n  physical  c u l t u r e  and spor t s .  
physical  tempering, gymnastics i n  production areas, obl iga tory  physical  
t r a i n i n g  sess ions  a t  a l l  educational i n s t i t u t i o n s ,  s p o r t s  involvement i n  
volunteer  spo r t s  s o c i e t i e s ,  t o u r i s t  t r i p s ,  exerc ises  by middle-aged and 
e lde r ly  persons ' i n  "health groups , I 1  t h e  tremendous number o f  spo r t s  competi- 
t i o n s  and games, hol idays -- a l l  of t hese  a r e  t h e  ind iv idua l  l i n k s  i n  a 
u n i f i e d  system of phys ica l  cu l tu re  and spor t s ,  developed i n  our country, with 
t h e  purpose of physical  development, improvement of the  hea l th  and length- 
ening o f  t h e  l i f e  of our population. 

With each year ,  ever more and more mi l l ions  of people become 
The morning gymnastics exerc ise  and 

A t  t h e  present  t ime, one of every four  people i n  our  country i s  involved 
i n  t h e  a rea  of physical  cu l tu re .  
i n t e l l i g e n s i a .  In  recent  years ,  a s i g n i f i c a n t  number of middle-aged and 
e l d e r l y  persons have become involved i n  physical  cu l tu re .  Massive physical  
cu l tu re ,  involving l i t e r a l l y  every person throughout h i s  e n t i r e  l i f e  i s  one 
of t h e  f a c e t s  of t h e  development of t h e  f u t u r e  communist soc i e ty ,  a manifest-  
a t i o n  of t h e  way t h a t  communism corresponds t o  the  na ture  of man. 

These include s tudents ,  workers, and the  

In the  program of t h e  CPSU, physical  cu l tu re  and spor t s  a r e  looked upon 
as one o f  t h e  most important means o f  development of  t h e  Soviet  man, 
harmonically combining s p i r i t u a l  wealth, moral p u r i t y  and physical perfec-  
t i o n .  

The broad development o f  physical  cu l tu re  and spor t s  i n  t h e  USSR has 
/490 been aided by the  development of medical cont ro l  over ac t ive  a t h l e t e s ,  as - 

well  as the  formation and growth o f , a  new branch of knowledge -- s p o r t s  
medicine. During t h e  years  of Soviet  power and p a r t i c u l a r l y  s ince  t h e  Second 
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World War, spo r t s  medicine has been developed i n t o  an independent medicai 
d i sc ip l ine ,  occupying one of t h e  most important pos i t ions  i n  the  preventat ive 
area of Soviet  publ ic  heal th .  

Sports medicine s tud ie s  the  effects of var ious forms of involvement i n  
physical  c u l t u r e  and spor t s  on the  human organism, performs constant medical 
t e s t i n g  of  t he  physical  development and hea l th  of a t h l e t e s ,  determines and 
performs preventat ive and treatment measures i n  case of d i sease  and trauma i n  
a t h l e t e s ,  def ines  t h e  most e f f e c t i v e  s a n i t a r y  and hygienic conditions f o r  
physical  development and spor t s .  

In our country, a s c i e n t i f i c a l l y  well founded system of spo r t s  medicine 
has been developed, and t h e  organization, content and d i r ec t ion  of  work have 
been defined; t h e  network and s t r u c t u r e  of medical-physical cu l tu re  i n s t i t u -  
t i o n s  has been constructed.  
of  medical support has been developed f o r  those involved i n  physical  cu l tu re  
and spor t s ,  based on t h e  dispensary method. With each y e a r , ' t h e  number of  
medical-physical cu l tu re  o f f i c e s  and d ispensar ies  increases ,  t h e  forms and 
methods o f  t h e i r  work become more e f f ec t ive ,  t h e i r  material support improves, 
t h e  number of doctors  spec ia l iz ing  i n  physical  cu l tu re  increases  and t h e  
q u a l i t y  of t h e i r  t r a i n i n g  improves. 

A t  t h e  present  time, a highly progressive system 

Sports medicine, enriched with new da ta ,  contains  a grea t  deal o f  
valuable mater ia l  f o r  r e l a t e d  areas  of medical science.  For example, spo r t s  
medicine and spor t s  physiology broadly inves t iga t e  problems of t he  morph- 
ology and functioning of  t h e  human organism, t h e  range of i t s  funct ional  
capac i t i e s  with var ious working regimens, i n  hypodynamia, under var ied 
conditions of t h e  ex terna l  medium, i n  premorbid condi t ions,  e t c .  

The attempt t o  approach more c lose ly  t o  t h e  study of t he  whole organism 
has l ed  t o  the  c rea t ion  of a combined methodology of medical examination of 
those involved i n  physical  cu l tu re  and spor t s ,  which has expanded t h e  
capac i t i e s  t o  determine changes i n  t h e  funct ional  s t a t e  of t he  organism 
during t h e  process of t r a i n i n g ,  has opened t h e  path f o r  ac t ive  p a r t i c i p a t i o n  
of  t h e  doctor i n  spo r t s  competition, has allowed t h e  state of t r a i n i n g  t o  be 
determined, overfat igue and over t ra in ing  t o  be revealed. 

The combined methodology of medical examination i s  constructed on t h e  
bas i s  o f  broad u t i l i z a t i o n  of  var ious methods allowing the  most complete 
determination of  t h e  func t iona l  capac i t i e s  of t h e  organism. The most impor- 
t a n t  place i n  t h i s  combination is  taken by inves t iga t ion  of t h e  cardio- 
vascular  system, s ince  i t s  condition l a rge ly  determines the  leve l  of  
func t iona l  capac i t i e s  of t h e  organism, t h e  p o s s i b i l i t y  of achieving highest  
r e s u l t s  and t h e  adap tab i l i t y  of  the.organism t o  work under varying conditions - /491 
o f  t h e  external  medium. The func t iona l  c a p a b i l i t y  of t he  c i r cu la to ry  
apparatus is  p a r t i c u l a r l y  s i g n i f i c a n t  i n  physical  loading i n  spo r t s  and 
dgtermines t o  a considerable ex ten t  t h e  a d a p t a b i l i t y  o f  t he  organism t o  
loads. 
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In  spo r t s  medicine, it has been h i s t o r i c a l l y  found t h a t  inves t iga t ions  
of t he  c i r cu la to ry  apparatus have occupied t h e  c e n t r a l  pos i t i on  i n  the  
medical examination of a t h l e t e s .  The da ta  from examination of t he  cardio- 
vascular  system a r e  e s s e n t i a l l y  t h e  bas i c  da ta  used i n  determining changes i n  
t h e  funct ional  s t a t e  and s t a t e  of t r a i n i n g  of t h e  organism of the  a t h l e t e .  
A t  t he  present  t ime, over 10,000 doctors working i n  t h e  ambulatory and po l i -  
c l i n i c  network, performing examinations of physical  c u l t u r e  a c t i v i s t s .  
These examinations, performed as a p a r t  of t h e  required Ifmedical-test  card of  
t h e  physical  c u l t u r e  a c t i v i s t "  (Form No. 227), include p a r t i c u l a r  invest iga-  
t i o n s  of t he  cardiovascular  system using funct ional  t e s t s ,  e lec t rocard io-  
graphy and X-ray examination. 

Each year,  over 40 mi l l i on  physical c u l t u r e  a c t i v i s t s  must undergo one 
medical examination (and some persons two.and th ree  examinations) i n  which 
the  g rea t e s t  s ign i f icance  i s  at tached t o  inves t iga t ion  of the  c i r cu la to ry  
apparatus.  
t h e  most important sec t ion  of spo r t s  medicine. This statement becomes even 
more important i f  we consider  t h e  dispensary se rv ices  provided t o  a t h l e t e s .  

I t  is obvious from t h i s  t h a t  t h e  problem of  spo r t s  cardiology i s  

The dispensary method of observation has become a s t rong  pa r t  of spo r t s  
medicine and at t h e  present  time is  obl iga tory  f o r  leading a t h l e t e s ,  included 
i n  t h e  teams represent ing c i t i e s ,  o b l a s t s ,  republ ics  and the  country. 
Dispensary examination of a t h l e t e s  i s  performed a t  main medical-physical 
cu l tu re  d ispensar ies ,  of which the re  a r e  approximately 200 i n  our country. 
The dispensary method inc1ude.s regular  medical .examination (3-4 times p e r  . 

year ) ,  school medical observation under t r a i n i n g  and competition condi t ions.  
These examinations and observat ions include a la rge  number of inves t iga t ions  
of  t h e  c i r cu la to ry  apparatus.  

In  the  dispensary examination of a t h l e t e s ,  i n  addi t ion t o  t h e  general ly  
accepted methods of c l i n i c a l  examination, t h e  three-moment combined 
funct ional  t e s t ,  electrocardiography, phonocardiography, osci l lography and 
roentgenkymography a re  used, and i n  recent times a t  a number o f  dispensar ies  
polycardiography with phase ana lys i s  of  t h e  card iac  cycle has been i n t r o -  
duced. 

The usage of var ious methods of i nves t iga t ion  during dispensary exam- 
ina t ion  allows a deeper study of t h e  func t iona l  s t a t e  of t h e  cardiovascular  
system of a t h l e t e s ,  who must perform t r a i n i n g  loads of high volume and 
i n t e n s i t y .  

The sca l e  and volume of work being performed on t h e  inves t iga t ion  of t h e  - /492 
c i r cu la to ry  apparatus of physical  cu l tu re  en thus i a s t s  and a t h l e t e s  has 
required t h e  c rea t ion  of l abora to r i e s  and o f f i c e s  of spo r t s  cardiology a t  a 
number of leading medical-physical cu l tu re  d ispensar ies  i n  t h e  country -- a t  
Moscow, Sverdlovsk, Kiev, T b i l i s i ,  e t c .  Analysis of t h e  a c t i v i t y  of  these  
l abora to r i e s  and o f f i c e s  shows t h a t  they a re  q u i t e  important and necessary 
l i nks  i n  t h e  p r a c t i c a l ,  methodological and s c i e n t i f i c  work being performed on 
spor t s  medicine. 
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Based on fou r  t o  f i v e  years  experience of the  work of  these  l abora to r i e s  
and o f f i c e s ,  it can be considered t h a t  spec ia l  l abo ra to r i e s  of  spo r t s  
cardiology should be c rea ted  a t  l a rge  medical-physical c u l t u r e  d ispensar ies  
(noncategorized and category I ) .  A t  t he  remaining d ispensar ies ,  o f f i c e s  of 
spo r t s  cardiology should be organized, cons is t ing  of  func t iona l  d iagnos t ics  
sec t ions  or medical inspec t ion  departments. 

The c rea t ion  of l abora to r i e s  and o f f i c e s  of spo r t s  cardiology has been 
found necessary a t  medical-physical c u l t u r e  o f f i c e s  as wel l .  
l a rge  medical-physical c u l t u r e  o f f i c e s  a t  t h e  following stadiums: 
Moscow, the  Republic stadium i n  Kiev, t h e  stadium imeni S. M. Kirov i n  
Leningrad, Dinamo i n  T b i l i s i ,  e t c .  -- departments of func t iona l  d iagnos t ics  
have been created,  p r i n c i p a l l y  designed f o r  i nves t iga t ion  of  t he  c i r cu la to ry  
apparatus.  
d i spensar ies  and o f f i c e s  of new subdivis ions f o r  spo r t s  cardiology. Cer ta in  
p r a c t i c a l  condi t ions have been s e t  up f o r  t h e  c rea t ion  of a card io logica l  
s e rv i ce  i n  spo r t s  medicine. In  t h i s  s e rv i ce ,  t h e  l abora to r i e s  and o f f i ces  of  
spo r t s  cardiology should be t h e  p r inc ipa l  and b a s i c  l i n k s  i n  t h e  organizat ion 
of t h e  system as a whole through t h e  country. 

Thus, a t  t h e  
Dinamo i n  

Thus, p r a c t i c a l  necess i ty  has r e su l t ed  i n  the  c rea t ion  i n  many 

1 
A second important aspect  i n  t h e  development of t he  ca rd io log ica l ,  

s e rv i ce  i s  the  organizat ion of  s c i e n t i f i c  inves t iga t ions .  In  t h i s  a rea ,  a 
grea t  dea l  of s c i e n t i f i c  i nves t iga t ion  work i s  being done, and tremendous 
amounts o f  s c i e n t i f i c  mater ia l  have been accumulated. 
developed f o r  i nves t iga t ion  of t h e  cardiovascular  system at  r e s t  and d i r e c t l y  
i n  the  process o f  muscular work a t l t h e  Department of Medical Testing and t h e  
Laboratory of  Sports  Cardiology of  t h e  S t a t e  Central  Order of  Lenin 
I n s t i t u t e  of Physical Culture.  For example, t h e  following methods have been 
developed t o  answer t h e  demands of spo r t s  medicine: 
phase ana lys i s  of  t h e  card iac  a c t i v i t y ,  e lectrocardiography under condi t ions 
of  in tens ive  muscular e f f o r t ,  determination of the  volume of  an a t h l e t e ' s  
hea r t ,  electrokymography, e t c .  Here a l so ,  problems i n  the  organizat ion o f  
t h e  card io logica l  s e rv i ce  i n  t h e  country a r e  being developed. 

Methods a r e  being 

polycardiography with 

In the  s e c t o r  of s p o r t s  medicine of t h e  All-Union S c i e n t i f i c  Research 
I n s t i t u t e  of Physical Cul ture ,  many years  e f f o r t  have gone i n t o  t h e  develop- 
ment of  problems i n  t h e  a rea  of t h e  study of t h e  func t iona l  s t a t e  of  t he  
c i r c u l a t o r y  apparatus and the  diagnosis  of  t he  s t a t e  of t r a in ing .  
s e c t o r  of  s p o r t s  physiology of t h i s  same i n s t i t u t e ,  problems of t he  inf luence 
of var ious condi t ions and loads on t h e  cardiovascular  system a r e  being 
s tudied .  
Physical Culture,  problems r e l a t e d  t o  d is rupt ions  of  t he  a c t i v i t y  of  t h e  
cardiovascular  system i n  a t h l e t e s  are being s tudied.  

/493 - In  t h e  

A t  t he  Department of Sports  Medicine of t h e  Leningrad I n s t i t u t e  of  

Problems of  spo r t s  cardiology are a l s o  being s tudied a t  many departments 
. of  medical t e s t i n g  at medical i n s t i t u t e s  and i n s t i t u t e s  of  physical  cu l tu re .  
If w e  compare t h e  t o t a l i t y  of  a l l  s c i e n t i f i c  i nves t iga t ions  on s p o r t s  
cardiology performed at var ious i n s t i t u t e s ,  t h e i r  volume i s  much g r e a t e r  than 

'. t h e  volume o f  i nves t iga t ions  on a l l  remaining problems of s p o r t s  medicine. 
We.can say without exaggeration t h a t  a t  t h e  present  time, t h e  s c i e n t i f i c  
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foundations f o r  s p o r t s  cardiology have been l a i d .  Consequently, ob jec t ive  
p re requ i s i t e s  have been es tab l i shed  f o r  t h e  c rea t ion  of  an ordered cardio- 
l og ica l  se rv ice  i n  s p o r t s  medicine. 
problem of organizat ion of t h e  card io logica l  service on a nationwide sca l e  
a r i s e s ,  s ince  t h i s  s e rv i ce  must be an organic p a r t  o f  t h e  system f o r  t h e  
organizat ion of work i n  s p o r t s  medicine as a whole which has a l ready been 
s t ruc tu red  and is  now being developed. 

In  connection with t h i s ,  t h e  important 

However, i n  order  t o  create and develop a well  ordered system o f  
organizat ion of  t he  card io logica l  se rv ice ,  it seems t o  us necessary t o  solve 
a number of problems. 
t r a i n i n g  of medical cadres i n  t h e  area o f  spo r t s  cardiology. 
necessary condition i s  prepara t ion  of new programs of courses f o r  t h e  
improvement and spec ia l i za t ion  of physical  cu l tu re  doctors  i n  t h e  system 
of i n s t i t u t e s  f o r  improvement of doctors .  
knowledge of doctors working i n  t h e  area of  spo r t s  cardiology should include 
seminars, conferences, symposiums, etc. 

One o f  t h e  most important problems i s  t h e  system of 
In  t h i s  area, a 

A usefu l  form of increase  i n  t h e  

The work on s p o r t s  cardiology being performed both i n  p r a c t i c a l  and i n  
* s c i e n t i f i c  i n s t i . t u t ions  r equ i r e s  constant  gene ra l i za t ion -on  a nationwide 

sca l e .  This c rea t e s  t h e  necess i ty  of  s e t t i n g  up a spec ia l  d iv is ion  o r  
labora tory  f o r  s p o r t s  cardiology at t h e  leading i n s t i t u t e ,  t o  ac t  as a 
planning, coordinating and con t ro l l i ng  i n s t i t u t i o n  f o r  these  s c i e n t i f i c  
problems. 

In conclusion, w e  can s t a t e  t h a t  t h e  term vvspor t s  cardiology" has come 
t o  r e f l e c t  one of t h e  most important t rends  i n  s c i e n t i f i c  i nves t iga t ion  and 
i n  p r a c t i c a l  work i n  spo r t s  medicine. 
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